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PRODUCT DESCRIPTION

This project was a joint effort between EPRI, the U.S. Department of Energy (DOE), and the
U5, Environmental Protection Agency (EPA).

Results & Findings

S{:IH:HW catalytic reduction {SEEJ catalysts appear to assist in converting elemental mercury
{Hg ¥ to oxadized m:rcury l!I-Ig ). This effect appears to be more likely 1o occur with bituminous
coals, where 90+ Hg™* is possible at the particulate control device inlet. The three bituminous
coal-fired power planis ested with wet flue gas desulfurization (FGD) systems achieved mercury
{Hg) removals of 84%-92% with SCR operation, as compared with 43%—51% without SCR
operation. These increased removal efficiencies may be due to the combined effects of the SCR
sysiem (0 increase Hg:* concentrations and reduce reemissions of the Hg”' from the FGD system.
The effect of catalyst space velocity and age are not clear, but may have an impact on SCR Hg
oxidation. The only Powder River Basin (PRB) site tested did not show a high oxidation rate. It
is important to note that these findings are based on a relatively small data set and, thus, should
be considered prelimimary rather than final conclusions that can be extrapolated 1o predict the
results at all other similar units, For example, two of the three FGDs tested were magnesium-
lime systems, and the third FGD was a ventun scrubber; thus the combined effect of SCR and
the most common FGD design ol a limestone, forced-oxidation system has yet to be evaluated.

Challenges & Objectives

The objective of this study is to evaluate the effect of SCR systems on Hg speciation and
removal. The most significant challenges are the complexity of the Hg chemistry and the numbser
of possible fuctors that may directly or indirectly affect Hg oxidation and removal. This, along
with the challenges to accurately measure Hg, must be considered when the data are interpreted,
and thus caution must be taken to extrapolating the results to similar untested power plants.

Applications, Values & Use
The results will be used to help plan future control sirategies as well as to assist in developing Hg
regulations for coal-fired power plants.

EPRI, EPA, & DOE Perspective

This report summarizes field measuremenis at six power plants with SCRs conducted in 2001
and 2002, These results indicate that SCRs can increase Hg oxidation and improve He removal
in the downstream FGD. This effect appears to be more likely for bituminous coal apphcations,
and the effect of catalyst properties such as space velocity and age is still somewhat unclear,
Additional field measurements are being conducted in 2003 to better understand the effects of
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coal properties and catalyst properties and to better characterize longer-term FGD Hg removal,
including the possible impact of SCRs on Hg" reemissions across the FGD. Full-scale and
sidestream tests are planned by this project team as well as in a separate DOE/Consol study to
further evaluate the combined effect of SCRs and FGDs on Hg removal. To evaluate the effect of
coal properties, measurements are planned at a pulverized-coal-fired power plant buming a PRB
coal, with a second PRB site to be tested around January 2004, Additional follow-on tests o
evaluate catalyst-aging effects are planned at the two power plants that indicated significant Hg
oxidation in the 2001 tests and were retested in 2002, Tests ane also being conducted at a power
plant burming a blend of bituminous and PRB coals. Thus the results in this report should be
viewed as work in progress, and the reader is encouraged to follow up and read future reports.

Approach

Hg measurements were completed at four coal-fired power plants with SCR systems in 2001 and
are summanzed in EPRI Report 1005400, Additional measurements were conducted in 2002 at
four plants with SCR, including two plants tested in 2001 that showed significant Hg oxidation.
Speciated Hg concentrations in flue gas were sampled and evaluated using the wet-chemistry
Ontario Hydro method, as well as near-real-time Hg semicontinuous emission monitors.
Sampling was conducted at these plants at the inlet and outlet of the SCR reactor to evaluate the
effects of SCR on Hg speciation, as well as the inlet and outlet of the particulate and SO; control
devices to evaluate Hg capture. Additional sampling involved the use of selective condensation
to measure sulfur trioxide and EPA Method 27 for ammaonia ship. Fly ash, FGD solids, and coal
samples were also collected to estimate the Hg mass balance across the control devices.

Mercury, Selective Catalytic Reduction, SCR, Ammaonia, Air Toxics
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EXECUTIVE SUMMARY

Introduction

The objective of this report is to document the results and provide a summary of the 2001 and
20012 field tests associated with the “Selective Catalytic Reduction Mercury Field Sampling
Project.” The testing was sponsored by EPRI, with additional funds provided by the utility
industry, the U.S. Department of Energy (DOE) National Energy Technology Laboratory, and
the LS. Environmental Protection Agency (EPA) National Risk Management Rescarch
Laboratory. Hg measurements were completed at six different power plants, four in 2001 and
two in 2002, equipped with selective catalytic reduction (SCR). In addition, two of the plants
tested in 2001 were retested in 2002 for a total of eight data sets. Testing was also conducted in
2001 at two facilities that employed flue gas conditioning to improve electrostatic precipitator
(ESP) performance and one that used selective noncatal ytic reduction for nitrogen oxide control.

Coal combustion by electric utilities is a large source of anthropogenic mercury (Hg) emissions
in the United States, according to EPA [1]. Recent data indicate that the total Hg emission from
coal-fired power plants in the United States 1s about 45 1ons/yr [2]. EPA views Hg from coal-
fired utilities as a potential public health concern [3] and, as a result, is currently involved in a
rule-making process that would require Hg control for coal-fired electric utilities by 2008,

Hg emissions from coal-fired boilers can be empincally classified, based on the capabilities of
currently available snalytical methods, into three main chemical forms: elemental mercury (Hg"),
axidized mercury (Hg™"), and particle-bound Hg, These impending Hg regulations require that
control strategies be investigated and developed. The efficiency of Hg control methods depends
largely on the form of Hg (gas vs. particulate) and species of Hg (elemental vs. oxidized) formed
upstream of the control devices. Particulate-associated Hg (Hg,) can be r:rnnw:d from flue gas
by conventional wir pollution control devices such as an E.SF or a baghouse. Hg™* compounids are
readily captured in flee gas desulfunization (FGD) umits, Hg |5 most likely to escape air
pollution control devices and be emitted to the atmosphere, Hg", Hg™, and Hg, concentrations
are much varied in flue gas, depending on the coal composition, combustion conditions, and flue
gas quench rate. Understanding the speciation of Hg is ::nlu:a] because control options rely
heavily on Hg's form or species. The concentration of Hg”, He™, and particle-bound Hg in the
flue gas primarily depends on coal composition and combustion conditions [4].

In addition to Hg, coal-burning power plants are & significant anthropogenic source of nitrogen
oxide (NO, ) emissions to the atmosphere. NO, emissions are an environmental concern
primarily because they are precursors to acid precipitation and are invelved in atmospheric
reactions that produce line particles and ozone. The most common NO, reduction strategy is the
use of low-NO, burners. These burmers have the capability of reducing NO, emissions by 40%—
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60%. However, with possible establishment of stricter ozone regulations, fine particulate (PM14),
and regional haze, there 1s increased incentive to reduce NO, emissions to a level below what
can be achieved using low-NO, bumers. SCR technology, which can reduce NO, emissions by
=>90%:, is, therefore, becoming more attractive, particularly because catalyst costs continue 1o
decrease and the knowledge base for using SCR reactors is expanding. 1t is planned that
approximately 100 gigawaits of coal-fired capacity will have SCR for NO, by 2005 [5].

Potential Impacts of NO, SCR on Mercury Speciation

SCR units achieve lower NO, emissions by reducing NO, to Na and H»O in the presence of
ammuonia. These NO, reactions with SCR are catalyzed by metal oxides such as titanium
dioxide-supported vanadium pentoxide. These SCR units are operated at about 650°-750°F
(340°-399°C). Pilot- and full-scale experience in both the United States and Europe has
indicated that SCR catalysts promote the formation of Hg™ [6—8]. Therefore, the use of SCR to
reduce NO, emissions has the potential to improve the Hg control efficiency of existing
particulate removal and FGD systems by promoting Hg™ formation. Possible mechanisms that
could result in the SCR of NO, impacting Hg speciation include:

e  Catalytically oxidizing the Hg.
» Changing the fue gas chemistry.
*»  Providing additional residence time.

EERC Pilot-Scale Tests (conducted in 2000)

In an attempt to evaluate the effects of SCR on Hg speciation, pilot-scale tests were conducted at
the Energy & Environmental Research Center (EERC) [9]. The general conclusion reached
based on these tests was that SCR has the potential to impact Hg speciation, but that the effects
were coal-dependent. Because of the inherent concerns related to small pilot-scale tests (surface
area-to-volume ratios, different flue gas chemistries, and time and temperature profiles), the
project advisory and research team concluded it was necessary to conduct sampling at full-scale
power plants. Therefore, EPRL, DOE, EPA, and a number of utilitics began funding the EERC
and other contractors to conduct Hg sampling at power plants with SCR technology,

2001 SCR Mercury Field Sampling Project

The 204 test program was developed (o address the limitations of pilot-scale testing by applying
information obtained from previous work to full-scale electric-generating facilities. In general,
datis from 2001 testing indicated that Hg oxidation can be enhanced by SCR operation, but the
effect may be moderated by a variety of factors, including coal type, catalyst chemistry and
structure, and space velocity. Significant differences in Hg speciation were observed among
plants with similar coal classifications [].

Four sites with SCR systems were tested in 2001. Three of these sites fired eastern bituminous
coals and one 8 Powder River Basin (PRB) coal. Note that for purposes of this report, the PRB
site is referred to as Site S1 and the other three as Sites 52-584. However, because the PRB sitc
used o cyclone boiler and wius operated such that the ash contained a very high concentration of
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unburmed carbon, it was not considered representative of a typical PRB site, For the three sites
that fired eastern bituminous coals, two of the three sites showed a significant increase in Hg
oxidation across the SCR unit. These two sites resulted in 89% and 90% Hg removal
downstream of an FGD system. The other test site fired a coal that generated a very high
concentration of Hg™", at the economizer outlet, prior to SCR.

Upon review of the 2001 test results, it was evident that additional data would be necessary to
quantifly the effect SCR operation had on Hg oxidation given the diversity of power plant
configurations and coal sources in the United States. The most important data gaps that were
identified included the following:

* The effect of firing a PRB coal in a more typical configuration
* The effect of firing a low-sulfur compliance coal

s The effect of catalyst aging

s  The effect of catalyst type and space velocity

In order to address some of these duta gaps, the program was expanded, and additional testing
was conducted in 2002. It should be noted that the highest priority was 1o test an SCR-equipped
plant that fires a PRB coal. Unfortunately, no plant was available for testing in 2002 with this
configuration. However, plans are being made to test two SCR-equipped PRB plants in 2003 and
2004,

Approach for 2002 Fleld Test

The principal objective remained the same for the 2002 testing: determine the impact of SCR
operation on Hg speciation and, ultimately, on Hg emissions. To achieve this objective for each
unit/coal, a sampling plan was developed for various operating conditions so that the effects of
SCR could be determined. At each site, tests were conducted (where feasible) under operating
conditions with and without SCR in operation. This was done cither by bypassing the SCR
syslem or lesting sister units, one with and one without SCR.

In addition to the effects of SCR operation, several other factors were identified as contrnibuting
fectors to Hg oxidation and removal and were incorporated into the sampling plans for 2002,
These factors included coal type, specifically chlorine and sulfur content, and catalyst age. A
summary of the conliguration of each plant is provided in Table ES-1 for 2001 and 2002 testing.
Additionally, a summary of coal data for each plant is provided in Table ES-2.

Hg measurements were obtained using the manual Ontano Hydro (OH) method as well as Hg
semicontinuous emission monitors (Hg SCEMS). The sampling plans were sel up to obtain OH
samples at the SCR inlet and outlet, ESP inlet and outlet or, in the case of one plant, & ventun
scrubber and at the stack. The Hg SCEMs were used to measure Hg speciation primarily at the
outlet of the particulate control device.
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Table ES-2
Summary of Coal Analyses® for Plants Tested in 2001 and 2002

51 52 52-2 83 s4 54-2 55 56
Mercury, pglig dry 010 047 0.14 0.40 0.13 0.18 013 007
Chlorides, wgy dry <60 1333 523 1248  35711160° 270 472 1020
Malsture Content, % 275 78 6.1 7.0 10.5 83 46 B.1
Ash, % a7 Ny 9.4 14.0 9.1 9.1 12.1 1.6
Sublur, % 018 38 39 1.7 29 30 a6 1.0

Heating Value, Btu/lb 8960 11092 12097 11421 11,341 120077 12120 12018

* fs-roceived unless otherwsa noted
* First valua price 52 bypass: second wakus posibypass.

Description of Sites Tested in 2002
Site 52

Site 52 was tested in 2001 and again in 2002 to collect data after an sdditional ozone season
{(May 1-September 30} of operation on the SCR catalyst. Unfortunately, a number of operational
changes, including addition of SO; mitigation technologies and a change in the coal (as shown
by the chloride values in Table ES-2), between 2001 and 2002 at Site $2 may have affected the
resilts. In addition, operational problems occurred (plugging of the wir preheater) at Site 52 in
2002 that resulted in a somewhat reduced test plan. The OH and Hg SCEM data were collected
for the SCR on-line condition, but only Hg SCEM data were obtained for the SCR off-line
condition.

Site 54

Site 54 was tested in 2001 and again in 2002 1o collect data after an additional ozone season of
operation on the SCR catalyst. At Site 84, sampling was done with the SCR unit on-line
followed by tests with the SCR unit off-line on the same unit, Based on Table ES-2, there was
significant varability in the coal from one year to the next.

Site 55

Site 85 was selected to provide additional data on the impact of SCR for a facility firing a high-
sulfur castern bituminous coal and utilizing a wet FGD system for SO control. Hg sampling at
Sile 55 was done on two sister units: one with an SCR unit, the other without,

Site S6

Site 56 was selected to represent facilities firing a low-sulfur compliance coal. Hg sampling at
Site 56 was done on two sister units (one with SCR and the other with the SCR unit bypassed).
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As part of another test program that was being conducted simultaneously with the SCR. project.
Hg sampling was also done at the stack of a third unit (no SCR).

Mercury Emission/Capture Results for 2002 Field Tests

There were two primary objectives for the Hg testing in 2002. The first was to determine the Hg
oxidation potential of the SCR catalysts at ench test site. The second was 1o determine what
impact SCR had on the Hg removal efficiency of each pollution control device. The overall Hg

removal (unless otherwise specified) 1s defined as the Hg measured at the stack compared to Hg
measured at the inlet to the particulate control device.

Site 52

Site 52 was sampled in both 2001 and 2002 to determine the effect of operating SCR over an
additional ozone season on Hg speciation. Units equipped with SCR are required to operate the
SCR unit from May | 1o September 30 (ozone season ) for plants buming bituminous couls, as is
the case for Site 52. To evaluate catalyst aging on Hg speciation, the OH resulis for 2002 Hg
sampling are compared (o those obtained during 2001 testing. A SUMMmary of these resulis is
provided in Figure ES-1. For this site, results show 54% and 48% Hg™" at the SCR inlet for 2002
and 2001 sampling respectively. At the SCR outlet, oxidation of Hg across the SCR unit resulted
in Hg‘* of 87% and 91% for 2002 and 2001, respectively. Comparing these results shows that the
oxidation of Hg across the SCR did not significantly change from 2001 to 2002, This is also
shown by comparing the ESP inlet sampling results, which was 97% Hg™* for both vears,
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Figure ES-1
Mercury Results Comparing Speciation with SCR from 2001 and 2002 at Site 52
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The overall Hg removal in 2002 across the ESP and wet FGD was 84% compared 1o 89% in
2001. Operational problems at the plant prevented Hg sampling using the OH method with the
SCR bypassed. Therefore, a companison of Hg speciation with and without SCR was not possible
using 20002 OH results. However, in 2001, Hg removal was only 51% when the SCR unit was
bypassed.

The Hg SCEMs were operated at Site 52 for approximately 1 month and included the time the
SCR unit was bypassed. Review of the I-IE_LI SCEM data illustrates an increase from <0.25 pg/m’
1o approximately 1.0 ;.:,g.l'm3 Hg':1 when the SCR unit was bypassed.

Site 54

Site 54 was also tested in both 2001 and 2002. A companson of the 2001 and 2002 results are
shown in Figure ES-2. For this site, results show 33% and 9% Hg™ at the SCR inlet for 2002 and
2001 sampling, respectively. Al the SCR outlet, oxidation of Hg across the SCR unit resulied in
Hg™* of 63% and 80% for 2002 and 2001, respectively. Although this difference may have been
attributable to a catalyst-aging effect, the coal fired at Site 54 vaned, especially with respect o
the chloride content. In 2001, the measured coal chloride content ranged from 350 to 1280 ppm
and in 2002 was much closer, ranging from 240 to 300 ppm. Plant personnel indicated that the
coal was from the same mine for both years. The information collection request coal analysis
data from 1999 for Site 54 also indicated a wide range of chloride concentrations in the coal.
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Mercury Results Comparing Speciation with SCR from 2001 and 2002 at Site 54

Although there was a substantial decrease in Hg oxidation across the SCR catalyst between 2002
and 2001, downstream of the air preheater and just prior to the inlet of the venturi serubber, there
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wiis an increase in the percentage of Hg:‘. In 2002, 26% of the Hg was measured as Hg:' at the
outlet of the air preheater compared to B7% in 2001. It is possible that this difference may be the
result of the changing coal composition. The overall Hg removal efficiency across the ventun
scrubber was essentially the same in 2002 and 2001: 93% and 90%, respectively.

Figure ES-3 compares the OH Hg speciation results with SCR in operation and with SCR
bypassed. At the air preheater outlet sampling location, 96% of the Hg is oxidized with SCR
compared to 57% without SCR in service. In 2001, the companson wus 87% and 56%. As stated
above, the overall Hg removal efficiency across the ventun scrubber was 93%:; this 1s compared
to only 44% when SCR was bypassed. This is supported by the Hg SCEM data that showed the
average Hg" concentration increasing from 1.1 o 6.4 g g.l'm3 when SCR was bypassed.

Mote: Ermor bars reprasent standard deviation for total Hg
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Figure ES-3
Comparisons of Mercury Speciation with the SCR in Service and with the SCR Bypassed
at Site S4
Site 55

The Hg results for Site 85 are summarized in Figure ES-4. As can be seen in Figure ES—4, Hg™*

increased from 44% to 1% across the SCR catalyst and wa.s 95% at the ESP inlet sampling

location. For the unit without SCR, the percentage of Hg™ at the ESP inlet was 80%. The overall

Hg removal efficiency acrogs the ESP and wet FGD was 0% for the unit with SCR. This is

compared 1o 51% for the unit 1-l.-ll|'|DIJl SCR. It should be noted that the results for the unit without

SCR showed an increase in Hg (4.7 1o El | pg/Nm’) across the wet FGD. The increase in Hg"
was considerably less (0.7 1o 1O gg/Nm’} for the unit with SCR.
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Figure ES-4
Mercury Speciation Results Compared for a Unit with SCR and Without SCR at Site 55

Site 56

The results of flue gas testing from 56 are summarized in Figure ES-5, Hg™" increased from 64%
to 3% across the SCR catalyst and was 87% at the ESP inlet sampling location. For the unit
with SCR bypassed, the percentage of Hg”™* at the ESP inlet was 69%. However, as shown in
Figure ES-5, there appeared to be more particulate-bound Hg measured when SCR was
bypassed.

The test at Site 56 was conducted 1o evaluate the impact of SCR on Hg speciation when a low-
sulfur compliance coal was fired; therefore. there was no wet FGD system on either test unit.
Within the variation of the data, the presence of SCR had no apparent effect on Hg removal
across the ESP (there was little if any for either case). Also, the Hg measured at the stacks had a
high percentage of Hg™": 92% with SCR and 88% without SCR.
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Mote: Ermor bars represent standand deviation of todal Hyg.
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Figure ES-5
Mercury Speciation Results Comparing Units with and Without SCRs in Service at Site S6

Discussion of Overall Results

The primary goal of this project is to evaluate the effect SCR operation has on Hg speciation and,
ultimately, on Hg emissions. The combined results from 2001 and 2002 testing are discussed
below.

Effect of SCR on Mercury Speciation

Table ES-3 presents the results of both the 2001 and 2002 testing. There is an increase in Hg
oxidation across the SCR. catalyst for those plants firing un castemn bituminous coal. However,
the amount of oxidation that occurs across the catalyst is highly vanable. [t appears to be
affected by coal properties as well as catalyst design and, possibly, catalyst age.

Although there is strong evidence that an SCR catalyst does promote Hg oxidation, o determine
the overall effect of SCR. it was useful to conduct tests both with and without SCR in service at
each site. Figure ES-6 shows the Eu-mp.m-mn For three of the five sites, there is a higher
concentration of nonelemental Hg (Hg™* and particulate-bound Hg) when an SCR. unit was
present, based on measurements made at the inlet to the particulate control device. For the other

two sites, 53 and 56, the percentage of nonelemental Hg was »>90%, both with and without an
SCR unit in service.

KX



Table ES-3
Change In Mercury Oxidation across the SCR Catalyst

Site Year Sampled SCR Inlet Hg™, SCR Outlet Hg™*, Percentage Point
% of total Hg % of total Hg Increase,” %
51" 2001 8 18 10
52 2001 48 a1 43
52 2002 54 87 a3
53 2001 55 65 10
54 2001 9 80 71
54 2002 33 63 30
85 2002 43 7B a3
56 2002 60 8z 22

* Dafinad as (SCR Oullat % - SR inlet %)
" Bita 51 fired & PAB coal; the others were aastem bituminous coals,
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Effect of Catalyst Age on Mercury Speciation

Data indicate that addinonal Hg oxidation can be expected if an SCR unit 1s installed on a unit
firing an eastern bituminous coal. A potential concern is “Does the effectiveness of the Hg
oxidation potential of SCR decrease with time?" As has been discussed previously, two of the
lfacilities, 52 and 54, were tested in both 2001 and 2002 (both buned eastern bituminous coal ).
As Figures ES-] and ES-2 show, there was a decrease in Hg oxidation across the SCR catalyst in
2002 as compared to 2001. However, the decrease in oxidation seen over time is less than that
seen from coal variability. Additionally, it is expected that routine replacement of catalyst layers
will minimize the effect. Also, mitigating circumstances at each plant prevent a definitive
conclusion from being developed. At Site 52, the iemperature of the SCR unit was ~ [0°F cooler
due to humidification, and alkali was added upstream of the SCR unit. At both Sites 54 and 52,
the coal chlonde concentration was highly variable. Although there may be an “effect” of aging
as measured across the SCR umit, Hg measurement at the inlet to the particulate control device
indicates there was no sigmficant difference at either site. To understand if these resulis are
indicative of a catalyst aging effect, Hg speciation sampling is recommended at these plants for
severul additional years.

Effect of the SCR on Wet FGD Performance for Mercury Control

The underlying intent of understanding SCR-mediated Hg oxidation is to determine its potential
to improve the Hg collection efficiency of existing ESPs, fabric filters and, in particular, FGD
systems. In general, wet FGDs remove a I:trg,r: percentage (>90%) of Hg:*. However, there has
been evidence that some of the captured Hg™* can be reduced in the wet FGD to Hgn [10].
Although the sample set is very small (three facilities) and the wet FGDs tested to date are not
representative of the most common FGD design in the United States (forced oxidation system),
the data from this project indicate that some of the Hg™" is chemically reduced to Hg':' in the wet
FGD. This Hg" passes through the FGD and is therefore not captured, resulting in an increase of
Hg" across the FGD. For the purposes of this report, this effect is termed reemission. As can be
seen in Table ES-4, at all the sampling sites, there is an increase in Hg" across the FGD. Also,
the data seem 1o indicate the operation of the SCR unit ameliorates possible reemission.
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Table ES-4
Effect of the SCR on Hg" Concentration Across the Wet FGDs

Site Year Sampled  FGD Inlet Hg”; FGD Outlet Hg'  Hg®increase,”  Total Hg
Conc., prgfim Conc., pgfm pgiNm Remowal, %

With SCR

52 2001 0.4° 0.9 05 89
52 2002 0.3 1.3 1.0 84

S4 2001 0.5 0.8 0.3 90
54 2002 1.0 1.3 0.3 a1

85 2002 0.7 1.0 0.3 a1
Without SCH

52 2001 34" 5.0 18 51
54 2001 56 7.1 15 46
S4 2002 57 8.0 24 44
S5 2002 4.7 8.1 1.4 51

* Defined as (FGO cutlet Hg' conc. - FGO inkel Hg' cong. ),
® For 2001 Sie 52 dala, ihe ESP kel daks wers used becausa the FGD irbal Hp concantaton vakies appaar o be claar outliars

Summary

The primary conclusions based on the 1est results are:

=  For plants firing eastern bituminous coals, Hg" can be oxidized ncross the SCR catalysts, The
effect that SCR has on Hg speciation (i.e., extent of additional oxidation that occurs) may be
dependent upon the coal characteristics and catalyst properties. The percentage increase of
Hg™ at the SCR outlet ranged from 10% at Site $3 to 71% at Site 54,

* At both sites where sampling was done in 2001 and 2002, there appeared to be a decrease in
Hg oxidation across the SCR catalyst with time. However, ot both facilities, the decrease was
minimal, and other possible explanations related to changes in the plant’s operation might
explain the decrease, These changes do not allow a definitive conclusion 1o be reached
concerning the effect of catalyst age (an additional ozone season) on SCR/Hg oxidation. Tt is
imporant (o note that the measured Hg oxidation at the inlet to the particulate control device
wis the same (within the variability of the data) for both years,

* Based on the limited data at three plants (five total data sets), SCR operation may reduce the
extent of reemission across the wet FGDs. For the tests with SCR in service, the increase
appears to be very small and is generally within the vaniability of the data. Nevertheless, five
data points show an increase in Hg". When SCR is not in service, it appears that the
reemission 15 more pronounced.
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Future Test Plans

Based on a review of these test results, several areas will require further investigation. DOE,
EPA, and EPRI are planning to conduct additional full-scale, as well as bench- and pilot-scale,
studies to address the following:

® The effect of SCR for a PRB pulvenzed coal application.

®  The effect of FGDs on Hg capture, in particular Hg reemission.
®  The effect of SCR when PRB-bituminous-blended coal is fired.
# The effect of catalyst age on Hg speciation.
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INTRODUCTION

Coal combustion by electric utilitics is a large source of anthropogenic mercury (Hg) emissions
m the United States. according to the most recent data, sccounting for 45 tons/yr of total point
source Hg emissions [1]. In December 2000, the U.S. Environmental Protection Agency (EPA)
issued an intent to regulate Hg from coal-fired utility boilers [2]. As a result, many utilities have
become proactive in evaluating the effectiveness of current air pollution control technologies, as
well as new technologies for Hg control [ 1,3-5].

Hg emissions from coal-fired boilers can be empirically classified, based on the capabilities of
currently available analytical methods, into three main forms: elemental mercury (Hg"), oxidized
mercury (Hg™*}, and particulate-bound Hg. Particulate-associated Hg {Hg,) can be removed from
flue gas by conventional air pollution control devices such as an clectrostatic precipitator (ESP)
or a baghouse. Hg™* compounds are readily captured in flue gas desulfurization (FGD) units. Hg”
is most likely to escape air pollution control devices and be emitted 1o the atmosphere. Total Hg
concentrations in coal combustion flue gas typically range from 3 to 15 pg/Nm”: however, Hg",
Hg™, and particulate-bound Hg concentrations are quite vanable depending on coal composition
and combustion conditions [6].

In addition 10 Hg, coal-burning power plants are a significant anthropogenic source of nitrogen
oxide (NO,) emissions to the atmosphere. NO), emissions are an environmental concermn
primarily because they are associated with increased acidic precipitation, as well as fine-particle
and ozone formation, Depending on the size and type of boiler, the 1990 Clean Air Act
Amendments require specific reductions in NO, emissions from coal-fired electric utilities, The
most common NO, reduction strategy is the installation of low-NO, bumers. These burners huve
the capability of reducing NO, emissions by 40%—60%. However, with possible establishment of
fine particulate (PMa s), regional haze, ozone regulations, and NO, state implementation plans,
there is increased incentive to reduce NO, emissions to a level below what can be achieved using
low-NO, burmers. Selective catalytic reduction (SCR) technology, which can reduce NO,
emissions by >90%, is, therefore, becoming more attractive, particularly because catalyst costs
continue o decrease and the knowledge base for using SCR reactors is expanding, It is planned
that approximately 100 gigawatts of coal-fired electrical capacity will have SCRs installed by
2005 [7).

1.1 Potential Impacts of SCR on Mercury Speciation

SCR units achieve lower NO, emissions by catalytically reducing NO, to N and H-0 in the
presence of ammonia (NHs), The catalysis used in SCR units are generally metal oxides such as
titanium dioxide (Ti0:)-supported vanadium oxide (V204). These units are generelly operated ot
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about 650°=750"F (343°-399°C). Initial laboratory-scale testing indicated that metal oxides,
including V105 and Ti0,, promoted the conversion of Hg" to Hg™ or particulate-bound Hg in
relatively simple flue gas mixtures [8]. In addition, pilot- and full-scale Hg speciation
measurements in European and US. coal-fired boilers equipped with SCR reactors have shown
the potential to promote the formation of Hg" [9-11). Therefore, it was hypothesized that the
use of SCR may improve the Hg-control efficiency of existing air pollution control devices by
promoting He™* or particulate-bound Hg formation.

Possible mechanisms by which SCR operation could affect Hg speciation include:

e Catalytic oxidation of the Hg. Evidence indicates that vanadium-based catalysts can promote
the formation of Hg™" [9-12).

* Changing the flue gas chemistry. The significant reduction in flue gas NO, and slight
increase in NH; concentrations associated with SCR may affect Hg speciation. Tt is well
known that NO,, particularly NO;, has a substantial effect on Hg speciation [13]. The gas-
phase effects of NH; on Hg are unknown. SCR units also have the potential to catalyze the
formation of sulfur trioxide (S04) and, potentially, chlorine (Cly), which may then react with
Hg [14-18].

* The SCR unit provides additional residence time for the oxidation of Hg to take place,

* Chuanging the fly ash chemical composition. [t is possible that SCR operation muy change the
surface chemistry of the fly ash particles such that their ability to adsorb or convert Hp
species is altered,

* Increasing wall deposition. SCR systems may result in the deposition of ammonium bisulfate
and ammaonium sulfate in the air preheater and duct walls, It is unknown whether increased
deposition could impact Hg emissions or speciation.

1.2 Pilot-Scale Screening Tests Conducted at the EERC

Tao investigate the effects of SCR on Hg speciation in a coal combustion system, EPRI, the U.S,
Depariment of Energy (DOE), and EPA funded a pilot-scale project at the Energy &
Environmental Research Center (EERC) [10]. The primary objective for the pilot-scale fests was
to determine whether NH; injection or the catalyst in a representative SCR system promote the
conversion of Hg" to Hg™ or particulate-bound Hg. Although this project was a screening
evaluation and not a complete parametric study, it was designed to evaluate potential
mechanisms for Hg conversion and the various coal parameters (like chemical composition) that
may affect the degree of conversion.

Three bituminous coals and a Powder River Basin (PRB) subbituminous coal were bumed in o
pilot-scale combustion system equipped with an NH; injection system, SCR reactor, and ESP.
The selection critenia for the four coals investigated were the significant differences in their
sultur and chlonde contents.

The results from the tests indicated that NH; injection and, possibly, the SCR catalyst promote
the conversion of Hg™" to panticulate-bound Hg in the coal combustion flue guses for two of the
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bituminous coals, but this was not the case for the PRB coal. The results were inconclusive for
the third bituminous coal. When the limited data are used in a linear regression analysis, it
appears that the chloride, sulfur, and calcium contents of the coal correlute with Hg speciation
across the SCR unit. Because of the inherent concemns related to small pilot-scale tests (surface
area-to-volume ratios, different flue gas chemistnies, and time and temperature profiles), it was
decided that sampling at full-scale power plants was necessary. Therefore, beginning in 2001,
EPRI, DOE, and EPA funded projects with the EERC and others 1o conduct Hg sampling at
power plants with SCR technology.

1.3 2001 SCR Mercury Field-Sampling Project

The test program for 2001 was developed to address the limitations of pilot-scale testing by
applying information obtained from previous work to several full-scale electric-generating
facilities. A summary of plants and their configuration is provided in Table 1-1, The overall
objective of 2001 testing was to evaluate the effects of SCR operation, selective noncatalytic
reduction (SNCR), and flue gas conditioning on speciated Hg emissions at full-scale plants.
More specifically, the objective was to evaluate Hg speciation across the unit as a result of these
technologies. The results of testing conducted for the 2001 program are summarized below and
can be found in “Power Plant Evaluation of the Effect of Selective Catalytic Reduction in

Mercury™ [11].

In general, data from 2001 testing indicated that SCR has the potential to increase Hg oxidation.
However, significant differences in Hg speciation were observed between plants even with
similar coal classifications. The possible reasons for these disparate differences likely include a
combination of the following:

¢ Coal chlonde concentration - The chloride level in the coal is the most straightforward
approach to estimating CI (HCI and Cl) in flue gas, although it is possible that alkalinity in
the fly ash may tie up Cl and reduce its availability for some coals.

» Inlet percentage of Hg™ — For plants with a high proportion of the inlet Hg already oxidized,
the potential increase is much lower,

o Other flue gas constituents (e.g., alkalinity, $O;, and S05).
* SCR system/catalyst propertics - e.g., space velocity, area velocity, catalyst type, catalyst
age, or number of catalyst layers.

It was thus theonzed that the Hg speciation and associated oxidation of Hg across the SCR is
highly dependent upon coal characteristics.

The primary conclusions from this effort were:

Al all four sites tested with SCR, un increase in Hg oxidation was observed across the SCR
umt. It vaned from 10% at Sites 51 and 83 10 T1% at Site $4. SCR units can assist in
converting Hg" to Hg™*; however, the effect appears to be coal-specific and, possibly,
catalysi-specific.
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» For the two sites with SCR and wet FGD system (52 and S4), a high percentage of the total
Hg was removed, 89% and 90%, respectively. It should be noted that at Site 83 the
percentage of Hg™" at the outlet of ESP was 83%.

* Site 51 contained significant particulate-bound Hg, which was removed across the ESP,
resulting in 85% total Hg removal. The high level of particulate-bound Hg may have been a
result of the high carbon content of the ash (15% to 17%).

* Based on limited data (one site each), SNCR for NO, control and NH flue gas condiboning
for improving ESP performance appeared to have a fairly small effect on Hg oxidation.

Upon review of 2001 test results, it was evident that additional data would be necessary to

quantify the effect SCR operation had on Hg oxidation, including the following:

* Determine the effect of firing a PRB in a more typical configuration

* Determine the effect of firing a low-sulfur compliance coal

* Determine the effect of catalyst aging

* Determine the effect of catalyst type and space velocity

In order 1o address these issues, the program was expanded, and additional testing was conducted
in 2002. It should be noted that the highest priority given was 1o test a plant with SCR and a
pulverized coal (pe)-fired PRB coal. Unfortunately, no plant could be identified for testing in
2002 with this configuration. However, plans are being made to test two PRB plants with SCR
units in 2003 and 2004,

1.4 Project Goals and Objectives

The project goal is to determine the impact of SCR operation on Hg speciation and on Hg
emissions. The specific objectives of the 2002 testing were 1o;

* Determine the change in Hg speciation across the SCR catalyst as a function of catalyst aging
(an additional ozone season). Two plants that had been tested in 2001 were retested in 2002,

®  Determine the effect of firing a compliance (low-sulfur) coal on Hg speciation across the
SCR catalyst.

* Determine what effects SCR has on subsequent Hg speciation and the overall Hg removal for
the particulate control device and, if present, the wet FGD.

1.5 Sampling Approach

1.5.1 Mercury Sampling Using the Ontario Hydro Mercury Speciation Method
At each facility, the overall sampling approach consisted of measuring Hg across each pollution

control device (SCR, ESP, and wet FGD). In this way, the effect of these devices on Hg could be
determined. To determine the overall effect of SCR on Hg speciation and subsequent removal,
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sampling was done at a unit with SCR followed by testing either at a similar unit without SCR or
with SCR bypassed. For example, if a plant had an SCR unit, ESP and wet FGD unit samples
were taken at five locations as follows:

s SCR inlet

» SCR outlet (prior to the air heater)

¢ ESPnlet idownstream of the air heater)
s  ESP outlet

o  Wet FGD outlet (generally the stack)

In general, samples were taken in pairs across each device (i.e., inlet and outlet of the SCR) and
in duplicate or triplicate.

‘The Ontario Hydro (OH) sampling was done using EPA Method 17, ensuring that the filter was
at the same temperature as the flue gas. At the SCR inlet and outlet condition, the OH sample
filter averaged between 600° and 750°F (3167 and 399°C). Following the air heater, the flue gas
lemperature was between 250° and 350°F (121" and 177°C). Sampling was done al a single point
rather than traversing the flue gas duct. For wet stack locations where the flue gas temperature
was below 250°F (121°C}, an external heater (Method 5 configuration) was used to maintain the
filter temperature above 250°F (121°C).

Based on the OH data, for cach plant the following were calculated:

® The change in Hg oxidation across the SCR unit. This is defined as the difference in the
percent Hg™" in the fue gas between the outlet and inlet of the SCR unit.

*  Overall effect of SCR on Hg oxidation. This is defined as the difference in the percentage of
Hg™* at the inlet 10 the particulate control device with and without SCE.

& Owerall He removal, This is defined as percentage based on the difference in total He
measured at the inlet to the particulate control device and the stack.

1.5.2 Mercury Sampling Using Hg SCEMs

Hg semicontinuous emission momitor (Hg SCEM) testing was done using the PS Analytical
(PSA) or Tekran system with a stannous chloride (wet-chemistry) conversion system. Attempis
were made to operate the Hg SCEMs at inlet and outlet locations; however, it was extremely
difficult to maintain Hg SCEM operation on a continuous basis at locations upstream of
particulate removal devices. Therefore, data from Hg SCEMs were collected primarily from ESP
outlet or stack locations, Where applicable. OH data are compared to Hg SCEM data; however,
in general, OH results with appropriate quality control (QC) provide a more defensible EPA-
approved method of quantifying Hg concentration and emissions. The benefit or advantage of H
SCEM operation is the real-time nature of the data. When operated continuously for several
days, SCEMs provide valuable information on how Hg concentration and speciation changes
with typical plant operation.

o
Eud
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1.5.3 Other Flue Gas Analyses

Other gases sampled for this project include 505 and NHs shp. SO; was measured using the
controlled condensation method, and NH; slip was measured using Conditional Test Method 27
For most of the sites, $0; was measured at the air preheater inlet (SCR outlet) and at the ESP
mlet locations, The NH; slip was measured at the air preheater inlel.

1.5.4 Mass Balance

At each site coal, hopper ash and, where appropriate, FGD samples were collected and analyzed
for Hg. These results, along with flue gas data, were used to quantitatively evaluate the fate of
Hg throughout the unit.

1.5.5 Plant Operation Data

Each plant provided operational information, such as plant load and flee gas CEM data, for the
purposes of evaluating unit performance and flue gas chemistry. Differences existed between
plants regarding the type, frequency, and form in which operational data existed. Therefore, the
figures presenting these data are unique to each plant. Nevertheless, the information is useful for
comparing Hg SCEM data with plant operational data and evaluating possible impacts on Hg
speciation.

1-7
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SITE S2

Site 52 was selected to provide data to determine the impact of catalyst aging on the potential of
the SCRs to oxidize He.

2.1 Site Description and Configuration

Site 52 fires a high-sulfur Ohio bituminous coal and employs SCR followed by an ESP and o wet
FGD. The SCR unit at Site 52 utilizes a Siemens/Westinghouse plate catalyst with a space
velocity of 2125 hr . Although Site 52 had previously been tested in 2001, there were several
operational differences in 2002, To control 5305 emission, alkali was injected just downstream of
the boiler in 2002, Also, 8 humidification system had been installed upstream of the SCR unit to
lower the SCR temperature ~0°F. Finally, the coal may not have been from the same mine as
that fired in 2001 as the Cl content in the coal was much less, 520 vs. 1330 ppm. The ongmal
iment at Site 52 was to operate 2 weeks with SCR in service and then, following the ozone
season, bypass the SCR unit and test without SCR. However, as will be discussed later, there
were operational problems at Site 52 that changed this test plan, General information about the
configuration of the unit tested at Site 2 are found below:

* Fuel type: Ohio bituminous coal

* Boiler capacity: 1360 megawatts (MW)
= Boiler type: wall-fired

o N0, control: low-NO, burmer and SCR
* Particulate control: ESP

& 50 control: magnesium-enhanced lime FGD

A schematic of Site 52 including sampling locations is shown in Figure 2-1.
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Figure 2-1
Schematic of Site 52 Showing Sample Locations from Horizontal and Vertical Perspectives

2.2 Sampling Approach

The sampling approach at 52 was similar to the previous year and is documented in Power Plant
Evaluation of the Effect of Selective Catalytic Reduction in Mercury [11]. The objective of
testing this unit again in 2002 was to evaluate the effect of catalyst aging on speciated He
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emissions. As stated earlier, changes to the system, including using humidification 1o operate
SCR at a lower temperature, make comparison and interpretation of 2001 and 2002 data difficult.
Also, because of operational problems, the SCR unit was bypassed earlier than expected., and the
complete test program was not able to be completed. However, Hg SCEM data were collected
for approximately 1 month: 2 weeks each with and without SCR on-line,

2.2.1 Flue Gas Sample Streams

Flue gas Hg speciation was measured at five locations using the OH method. Sample locations
included the ESP inlet and outlet, SCR inlet and outlet, and stack. A test matnx 15 provided in
Table 2-1. Where practical, OH measurements were conducted simultaneously across the ESP or
FGD in an effort o quantify the effect each had on Hg concentration and speciation, In addition
to Hg, flue gas samples were also taken to measure the total particulate loading, 50,
concentrations, and NH; slip. The sampling methods used for all the sites are descnibed in
Appendix A.

Table 2-1

Sampling Test Matrix for Site 52"

Date SCRIn SCROut ESPIn Stack SCROut SCROut ESP Out
Begin End OH OH OH OH S0, HNH, NH,
O7THEDZ 0720002 3 3 2 2 3 2 2

* All samples wane done with tss SCH in sardce

Longer-term Hg monitoring was planned using two Hg SCEMs (Tekran): one located at the ESP
inlet and the other at the ESP outlet. However, becasuse of severe plugging of the inertial filter
probe early in the test, both instruments were operated at the ESP outlet. One instrument
measured total Hg and the other Hg'.

2.2.2 Other Sample Streams

Samples of coal, fly ash, and FGD materials were collected in an effort to obtain representative
operational data related 1o Hg speciation. These samples were analvzed for total Hg and, glong
with the flue gas emission data, were used to qualitatively evaluate the fate of Hg throughout the
unit.

Coal sumples and ESP hopper ash samples were collected each day of the test, The coal samples
comprised coal from each coal mill that were pulled from the bunker and analyzed by the plant
every 12 hours. The EERC received a split of these samples. The ESP hopper ash samples were
taken as a held composite from the hoppers associated with the first field of both the upper and
lower ESP. The FGD slurry samples were collected from the blowdown tank of the FGD.
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2.3 Process Operating Conditions

Plant operational data are presented in Figure 2-2 for Site 52, The most significant change in
plant operations is the bypassing of SCR. The amount of NO, coming out the stack increased
significantly (from approximately 50 to 400 ppm) 390 hours into the test peried after NH;
injection was turned off and the SCR unit was bypassed, An increase in Hg" was observed with
the Hg SCEM and will be discussed later in this report. The average SOy collection efficiency of
the FGD duning the 4-week testing period was 95%, and the NO, removal efficiency of the SCR
unit when in service was 90%.

Average auxiliary flue gas data including moisture, dust loading, and percent carbon dioxide
(CO;) and oxygen (O,) were collected during the OH sampling from each sample location
(Table 2-2). Values are within expected ranges (complete auxiliary flue gas data are provided in
Appendix C, Table C-1).
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Table 2-2
Average Auxiliary Flue Gas Data for Site 52°
Date Flue Gas Moisture, % Dus! Loading,” gridse!  CO,, % 0, %

SCR Inhat 9.8 2.7803 15.0 3.8
SCH Dutlet 10.8 A.3547T 14.8 46
ESP Inlet 1.2 1.B872 13.9 5.7
ESF Duiled 11.0 0.0021 137 58
Stack 21.8 D.0016E 13.2 6.5

* Dusd loadings ware collacied as part of e OH method using EPA Malhod 17 and, thanelons, s nal for complancs purposss.

2.4 Sampling Results

2.4.1 OH Flue Gas Mercury Results

Average Hg results for flue gas sampling at Site 52 are presented in Table 2-3. The complete
results are present in Apfcm:liu B (Table B-1), As shown in Table 2-3, there was an increase
from 54% to 87% in Hg™" across the SCR catalyst. This then increased 1o 97% at the ESP inle
Towl Hg removal was B4%.

Table 2-3 '
OH Average and Percentage of Tolal Mercury Resulls for 52°

Average, yrg/Nm’ Percent of Total, %
Sample Location | Hg,  Hg"  Hg'  Horew Hg, Hg™ Hg"
SCH Inled 0.04 6.5 2.8 120 0.4 54 45
SCR Outlet 006 108 1.6 12.4 0.5 87 13
ESP Inled 003 122 04 12.6 0.2 a7 3
ESP Outlet 0.00 1.1 0.3 11.5 0.0 a7 3
Stack 0,00 o7 1.3 2.0 02 35 85

Total Mercury Removal = B4%"

" Hp valuas & dey gnd comeoied o 3% O,
* Total Hg remaval is defined as: [[ESP inist - StackVESP Inief] « 1005

A comparison of the 2001 and 2002 results at Site 52 is shown in Figure 2-3. As shown, in 200

there was an increase from 48% to 91% Hg™* across the SCR catalyst, which is i larger change
than seen in 2002, It is unknown whether this decrease in Hg oxidation across the SCR catalyst is

3
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Comparison of Mercury Speciation Results 2001 and 2002 for Site 52

a result of operating the SCR unit over an additional ozone season or due to the modifications
that were made for SO; mitigation or changes in the coal in 2002,

Although there wus s decrease in Hg oxidation across the catalyst, there was no change from
2001 1o 2002 in the percentage of Hg™" at the ESP inlet location (979 for both years), There was
# small decrease in total Hg removal: 89% in 2001 compared to 84% in 2002.

As stated earher, several operational problems occurred at the plant duning the test.
Approximately midway through the test penod, an increase in pressure drop was measured
across the center air heater. To prevent plugging of the air heater, the economizer outlet
temperature was rmsed, and flow through the center air heater was greatly reduced. This

eventually required the bypassing of the SCR unit earlier than expected and the load reduced.
Therefore, no OH data were obtained in 2002 with SCR bypassed. However, in 2001, the total
Hg removal efficiency was only 51% with SCR. bypassed.

Although the Hg™™ concentration at the inlet to the wet FGD (outlet of the ESP) was 97%, only

B4% of the Hg was captured by the wet FGD. This appeared to be a result of an increase in Hg"
at the stack, from 0.3 to 1.3 pg/Nm’.

2.4.2 Hg SCEM Results

Two Hg SCEMs were operated at the ESP outlet to gather longer-term vanability data. In the
original test plan, one Hg SCEM was to be operated at the ESP inlet and one at the ESP outlet,
However, because of Mlue gas chemistry and particulate loading there was severe plugging of the

2-8
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inertial filter probe so that it was not possible to maintain Hg SCEM operation at the ESP inlet
location. Therefore, the two instruments were operated at the ESP outlet location and configured
to operate such that one instrument measured total Hg and the second measured Hg"
continuously. With the er.r:cpuun of occasional maintenance routines and troubleshooting, data
for both total Hg and Hg" were collected during the entire sampling period. A summary of the
Hg SCEM data is provided in Figure 2-4. As shown in Figure 2-4, there is good agreement
between the Hg SCEM data and the OH data.

It should also be noted that a high amount of vanability was observed, especially during the first
several days for lutn] Hg concentration. This may be due to continuously switching between
measurement of Hg" and total gas-phase Hg during that period as only one Hg SCEM nstrument
was monitonng the ESP outlet location for the first 198 hours of the test. The variability of the
data reduced noticeably afier this period when bath instruments were used to monitor each Hg

Specics.

The SCR unit was bypassed midway through the test. Table 2-4 shows the statistical variation of
the Hg SCEM dula with and without SCR in service. Based on the Hg SCEM. there was an
increase in Hg" whu:n SCR wis bypassed. The concentration of Hg" appears to have increased
fmm <0.25 pg/m’ 10 ~1 pg/m’ after the SCR unit was bypus:-‘a:d. In Figure 2-5, the percentage of
Hg™* as determined using the Hg SCEM (1otal Hg -Hg"} is plotted. When the SCR unit is
bypassed, the percentage of Hgf in the fMue gas is reduced and appears to become much more
variable.
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Table 2-4
Statistical Variation of the Mercury with and Without the SCR in Service Based on the Hg
SCEM Data for Site 52

Meroury Operation Awr#, Sid. Dna!.r,. I.Ipeir ﬂﬂ? Lower !ﬂ;ﬁ"u
gl pgim CL" prg/m Cl, pgim
Hg(total) With SCR 4.7 3.4 10.3 0.0
Hg' With SCR 0.1 0.1 0.3 0.0
Hg(total)  SCR bypassed 6.1 2.0 9.4 28
Hg" SCH bypassed 08 0.5 1.6 0.0
* Confidanca intarval

G CRGTTET SO

'”"'W — 10
= a B
8 ©
m: :; éE [ nnﬂ £ j 1]
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Figure 2-5

Average Hg'* as Measured by Hg SCEMs (total Hg - Hg®} for Site 52

2.4.3 Coal Analysis Results

In an attempt to understand the Hg variability observed at Site 52, all of the coal samples (45
coal samples) from Site 52 were analyzed by WE Energies and the EERC for Hg and chloride
content. The complete data set is presented in Appendix B, Table B-2. The average He
concentration and chlorde content of the coal were relatively constant during the 4-week test
penod. The Hg concentration was 0,12 + 0.02 pg/g, and the chloride content was 636 + 44 ppm.
Both values are similar 1o those collected during the previous year's sampling. Table 2-5
presents the proximate and ultimate analyses for the period during which the OH sampling was
done,
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Table 2-5
Coal Analysis for Site S2°

Date THT/02 7THA/02 T7H8/02 7120002 Avg.
Mircury ppm (dry} 013 011 o1 013 042
Chborin ppm [(dry) T24 &05 503 BO9 632
Proximalte Analysis

Moistura wita a8 5.4 6.7 6.8 8.1
Volatile Matter wi% 33.0 387 388 402 347
Fixed Carbon  wi% 465 450 441 438 448
Ash Wit Bo 8.9 8.5 B2 0.4
Utimate Analysis
Hydrogen with 5.4 5.4 54 54 5.4
Carbon Wit 6968 683 ©B65 668 678
Mitrogan W% 1.5 14 1.3 1.3 14
Sultur wile 3.6 40 4.0 3.8 39
Dhygan wite 11.0 11.0 13.3 13.5 12.2
Heating Vaiue  Bluib 12,438 12,070 11,838 11,940 12,007
F4 Factor® dsct/10" Btu 8915 10,088 G860 9876 9940

—

* Except whare siated, all reaulls ans on an ss-roceived basis.
" As dofined in EPA Method 15

2.4.4 ESP Ash and FGD Mercury Resulis

ESP hopper ash samples were collected daily as a field composite of ash from hoppers associnted
with the first field of both the upper and lower ESP. These samples were analyzed for Hg and
loss on ignition (LOT). The FGD samples were filtered, and the liquid and solid fractions both
analyzed for Hg. A summary of the analysis of the ESP hopper ash and FGD samples is provided
in Table 2-6.

The average Hg concentration in the ESP hopper ash was low, 0.05 ug/g. This is consistent with
the particulate-bound Hg measured in the flue gas at the ESP inlet. The LOT was also very low,
0.8%. One factor which may impact the ability of a fly ash to adsorb Hg is the carbon content of
the ash. Although not directly measured, the very low LOI indicates low carbon content in the
ash. Both the Hg and LOI results are consistent with the data obtained in 2001. For the FGD
samples, the average Hg concentration was 0,15 pgfe.
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Table 2-8
Analysis of ESP Hopper Ash and FGD Material for Site 52

ESP Hopper Ash

Date | Hg,wglg LOI, % | Hg in FGD Material, pgig  Solids, %

TNenz 0.025 0.97

Tvo2 0.034 0.51 016 17.3
Than2 0.072 1.15 0.14 18.5
TA8/02 0.032 0.68 0.186 18.5

Traanz 0.049 0.7
723002 0.140 1.16 012 16.0

Awerage | 0.058 0.86 D5 17.1

2.4.5 NH; Slip and 50; Flue Gas Results

NH; slip testing was conducted at the SCR and ESP outlets and the SO+ testing at the SCR outlet
location. A summary of these results is provided in Table 2-7. The NH; slip concentrations were
low, less than | ppm. In general, low NH; ship values are representative of an efficiently
performing SCR.

Table 2-T
NH; Slip and S0, Results at Site 52°

NH, Slip, ppm S0y, ppm

Date SCR Qutlet  ESP Outlet SCR Outlet
arfen2 0.48
i 0.47 0.2
071802 583"
0711902 1141°
07120002 0.52
07/20/02 0.56

* Ory and 3% Oy,
¥ These twa valuss apponr i be outliem.

Unfortunately, there appears to be some contamination in two of the SO values. It is unlikely
that the SO, concentration in the flue gas is greater than 900 ppm. A careful review of the
procedures, sample sheets, and analysis did not provide an obvious explination. One data poing

213
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(30.2 ppm) from the SCR outlet was similar to data collected from 2001 and is consistent with
expecied values. The average ESP outlet SO value in 2001 was 33.2 ppm.

2.5 Mercury Mass Balance

The average ESP hopper ash results were compared with flue gas Hg measurements from the
ESP inlet and outlet to determine the Hg mass balance across the ESP. The sum of the ESP
hopper ash (in pg/Nm” of flue gas as calculated from the dust loading) and the ESF outlet Hg
concentration divided by the ESP inlet Hg concentration results in a balance of 94% (from
Table 2-3),

To compare the available Hg in the coal to flue gas measurements, emission factors (F4 factors)
as calculated using EPA Method 19 were used to estimate the coal-based Hg concentration.
Using the average coal Hg concentration and Fy factors results in a flue gas concentration of

10.9 Ib/10"* Biu. This compares to a flue gas Hg measurement at the ESP inlet of 9.1 1b/10" Btu,
giving a balance of 83%,

The plant did not provide information as to the rate at which FGD matenial was produced.
Therefore, it is not possible to do a mass balance around the wet FGD. However, using the Fy
factors, the Mue gas Hg measurements at the stack averaged | 43 Ib/10" Biu which corresponds
to a removal of 7% (based on the coal Hg) compared to a measured Hg removal of 84%.

26 General Observations from S2

* There was increased He oxidation across the SCR catalyst as the percentage of Hg:+ in the
flue gas increased from 54% to 87%. At the ESP inlet and outlet location, the percentage of
Hg™" was 97%,

» Comparing the 2002 results with those obtained in 2001 indicated a small decrease in the Hg
oxidation across the SCR catalyst. In 2001, there was an increase from 48% to 91% in Hg™
compared to an increase from 54% to 87% in 2002, It is unknown if this is due to a catalyst-
aging effect, changes in the operation of the SCR unit (lower temperature), or the addition of
alkali upstream of the SCR unit. Although there was a slight decrease in Hg oxidation across
the catalyst, the percentage of Hg™* at the ESP inlet location was the same in 2002 and 2001 :
97%. The overall Hg removal at Site 82 averaged 84% in 2002 compared to 87% in 2001,

» There appeared to be some reemission of Hg across the wet FGD. The He" increased from
0.3 ug/Nm’ at the inlet to the wet FGD 1o 1.3 pg/Nm” at the stack. However, this is within
the variability of the data.

* Operational changes during the month resulted in data variability; however, those
fluctuations resulted from acknowledged changes in system operation and do not represent
steady state,

* OH results correlated well with Hg SCEM data and were consistent with repeated samples.

= Very little, if any, Hg was removed across the ESP.
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SITE S4

Site 54 was selected to provide data to determine the impact of catalyst aging on the potential of
the SCR units to oxidize Hg, The mercury sampling and analysis at this site was conducted by
Western Kentucky University and was sponsored by EPRI and the host utility.

3.1 Site Description and Configuration

Site 34 is a cyclone boiler that fires a Kentucky bituminous coal and employs SCR followed by a
combined particulate/SO; venturifspray tower scrubber (for purposes of this report, this will be
referred to as a venturi scrubber). The ventun scrubber has a total of six modules, The system
achieves a high particulate removal using a venturi to generate very small water droplets that
create a high relative velocity between the particle and droplets, Some of the scrubbing shurry
containing limestone for 50 removal is introduced at the top of the converging venturi section.
However, most of the limestone slurry is introduced through conventional spray nozzles attached
to three spray headers in the annular spray tower section of the scrubber, The scrubbed gas and
entrained droplets enter a separator before the flue gas exits the stack. The spent slurry is
discharged to an on-site disposal pond.

The SCR unit at S4 has a space velocity of 2275 hr ' and contains a vanadium/titanium
honeycomb catalyst manufactured by Cormetech. The catalyst is spread into three layers in the
SCR umit. The NH3-10-NO, ratio was specified to be 1.0. The unit is designed to be operated only
dunng the ozone season (May 1-September 30) (To use all the NH; on-site, the SCR was
operated 15 additional days in 2002 in October). During the remainder of the year, the SCR is
bypassed, but continually pressurized with heated ambient air. Prior to testing in 2002, the SCR
unit had been operated for approximately two ozone seasons. Flue gas testing was conducted
with SCR operating normally and again with SCR bypassed. General information about the unit
configuration is below:

*  Fuel type: Kentucky bituminous coal

*  Boler capacity: 704 MW gross

= Boiler type: cyclone boiler with overfire air to reduce NO,

o  NO, control: SCR

e S0; and particulate control: combined particulate/SO; venturi/spray tower scrubber

A schematic of Site 54, including sample locations, is shown in Figure 3-1,

3-1
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Figure 3-1
Sehematic of Site 54 Showing Sample Locations from a Vertical and Horizontal
Porspective

3.2 Sampling Approach

Sampling at 54 was conducted similar to testing conducted the previous year and documented in
Power Plant Evaluation of the Effect of Selective Catalytic Reduction in Mercury [11]. The
objective ol testing this unit again in 2002 was to evaluate the effect of catalyst aging on
speciated Hg emissions.
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3.2.1 Flue Gas Sample Streams

With SCR in service, flue gas Hg speciation was measured at four locations using the OH
method, the SCR inlet and outlet, the outlet of the air preheater (venturi scrubber inlet), and the
stack. With SCR out of service, sampling was only done at the air preheater outlet and stack.
These locations are identified in Figure 3-1. A test matrix is provided in Table 3-1. To best
quantify the effect SCR and the ventun scrubber had on Hg speciation and concentration, OH
measurements were completed as paired sets across each device. In addition to Hg
measurements, flue gas sampling was done to measure particulate loading, SO concentration,
and NH;y slip.

Tabie 3-1
Sampling Test Matrix for Site 54
Date SCRIn SCROut ESPIn Stack SCRIn SCROut SCR Out
Begin End OH OH OH OH 50, S0, NH,

With SCA
08/11/02  08/13/102 3 3 3 3 2 2 2
Withowt SCH
1W1e02 104702 3 3

Longer-term Hg monitoring was conducted using an Hg SCEM (PSA) located at the air heater
cutlet (same as the ventun scrubber inlet) location. Except for periods of maintenance and when
the unit was down, the Hg SCEM was operated around the clock for the duration of the project.

3.2.2 Other Sample Streams

To determine the fate of Hg throughout the unit, samples of coal and venturi scrubber slurry
were taken and analyzed for total Hg. A coal sample, taken from the coal yard, was associated
with cach day of OH sampling. The venturi scrubber samples were taken as the slurry was
drained to the settling tank.

3.3 Process Operating Conditions

Plant operational data are presented in Figure 3-2 for Site $4. It should be noted, with the
exception of load and boiler O: data, the operational data were only collected by the plant dusring
the penod when the OH sampling was conducted (beginning and end of test). As the figure
shows, the operation at Site 54 during this test program was representative of normal daily
operation at or near full load, and there was little variation in the 45 days of the test program,
excluding when the unit was down for 3 days, The NO, removal efficiency for the SCR unit
averaged 87,



Sire S

ERSFC CWTIBET CINY

@Em2 B22m2 Br2eM2 TR0z 10 a2 1 D.Qﬂuﬂ_;ﬂr
Iy

(E |
2 L 850
= i i)
- I - 550
& - S0
= - 450
¥
| L &
ﬁ_ - &
o ! A
| "1™ L 3
1.0
<, 091 0.8
%ﬁi 0.8 0B
gi 0.7 4 | .7
= 1 0.5
024
;—:'3 L 015
EE - 0.10
a- - 0.08
SO0
_ L $800
¥
5. 1600
:E - 1400
L 1700
- t000
T4
- 124 12
i
E;E 104 ll - 1.0
= pa4 L 0.8
50
& 409 Tolal Gas-Phase Hg o
ITg 304 e
Eg 20 4
10
50 . L SRS . -
a0 4 ' [ | F
:"Té 0 Elemental Hg ;
E 5 204 SCR Bypassed L 20
10 - AR a | & .,.ih-ﬁ-
| —r —r %—I—m—'—‘ i}
144 312 480 B4B H14 BE4

Tima, hr

Figure 3-2
Plant Operation Data for Site 54 (nole the plant logged some of the data, L.e., SCR inlet and
outlet NO,, only when the OH samples were being done)

3



Sine 54

The average auxiliary flue gas data for Site 54 are shown in Table 3-2. The complete data set is
shown in Appendix C, Table C-2. The excess O, at the boiler exit was 3.7% + 0.8% over the
entire sampling penod of 45 days. However, as is typical at most power plants, there is a
substantial air leak across the air preheater. Based on the measured O at the air heater outlet/
venturi scrubber inlet, the average excess Op was 7.2%, The air leakage across the SCR and
ventur scrubber was minimal. The particulate removal efficiency of the ventun scrubber is high,

Table 3-2
Average Auxiliary Flue Gas Data for Site 54"

Date Flue Gas Moisture, % Dus! Loading,” gridsct COy, % Oz %
With SCR in Service
SCH Inlet 10.2 1.893 15.0 359
SCHA Outhet 8.5 1.39 14.9 359
Air Preheater Outlet B7 1.10 9.0 10.7
Stack 15.2 0.00" 11.4 7.8
With 5CH Bypassed
Air Preheater Outlet 9.1 1.24 1.1 79
Stack 14.0 0.01" 11,1 78

* Dust lnadings wees collectad as par of the OH method using EFA Mathod 17 and, therefore, ans not for compliance purposes.
* Maasairad 1o only two significant digits {11100 of a gram),

3.4 Sampling Results

3.4.1 OH Flue Gas Mercury Resulis

The Hg results for Site 54 with the averages and percentage of each species are shown in

Table 3-3. The complete OH results for Site S4 are shown in Appendix B, Tubles B-3 and B4,
Figure 3-3 shows a comparison of the data with SCR in service and with the SCR unit bypassed.
As shown in Table 3-3, significant oxidation occurs across the SCR catalyst, from 33% Hg™ 10
63% Hg"". The percentage of Heg™ is further increased 1o 96% at the outlet of the air preheater,
The overall Hg removal is 91% when SCR is in service compared to only 44% when the SCR
unit is bypassed.

A companison of the 2001 and 2002 results at Site §4 is shown in Figure 3-4. As can be seen in
the figure, there was a decrease in the oxidation across the SCR catalyst in 2002, In 2001, the
concentration of Hg™" us a percentage of total Hg increased from 9% 1o 80% across the SCR
catalyst. This 1s compared to only 33% to 63% in 2002. However, there is no significant
difference between 2001 and 2002 results as measured ut the air preheater outlet location; also,
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Table 3-3
Average OH Mercury and Results for Site S4
Average OH Hg Resulls Percent of Tolal Hg, %
Sample Location  Hg, Hg™ Hg"  Hgitotal) | Hg, Hg™ Ha"

With S5CR in Service
SCA Inket 0.05 4.0 B3 123 0 33 67
SCR Outlet 0.00 T 4.3 11.4 0 B3 ar
AH Cutlat 0.05 11.3 0.5 11.8 ] 85 4
SHack == 0.3 0.8 11 — 27 T3
Total Mercury Removal = 31%
With SCH Bypassed
AH Cutlat 0.08 7.7 56 13.4 1 5T 42
Stack MY 0.5 Fi | 7.5 — r 83
Total Marcury Removal = 44%

Mota: Ermar bars represent standard devialion for iotal Hg
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Figure 3-3
Comparison of Mercury Speciation Results with the SCR in Service and with the SCR
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Figure 3-4
Comparison of Mercury Specialion Results 2001 and 2002 for Site 54

the overall Hg removal was the same in 2002 as compared to 2001: 91% compared to 90%.
There is some question whether the decrease in Hg oxidation across the catalyst is due to catalyst
aging or some other factor. As will be discussed later in this section, the chloride content of the
coal appeared to vary considerably in 2001 and was more consistent in 2002, This variation may
have affected the Hg oxidation across the SCR catalyst.

As discussed in Section 2.4.1 (Site §2), it appears that Hg reemission can occur across a wel
FGD system. At Site $4, there is an increase in the concentration of Hg" across the venturi
scrubber: however, it is very small (0.5 10 0.8 pg/Nm’) and is within the variation of the data.
This is discussed in more detail in Section 6.4.

3.4.2 Hg SCEM Resulis

A Hg SCEM was operated at the air heater outlet location at Site S4. In an effort to gather
longer-term data, the Hg CEM was operated nearly continuously for the duration of the project,
except when the boiler was down (the Hg SCEM was operated to alternate between total Hg and
Hg"). A summary of Hg SCEM data plotied over the entire test period is provided in Figure 3.5,
There is significant vanability im both the total Heg and Hg" data. Table 3-4 shows the statistical
vanation of the SCEM data with and without SCR in service. Based on the Hg SCEM data, there
was an increase in the average Hg" when the SCR unit was bypassed at about 880 hours into the
test, from 2.26 1o 6.3 pg/m’. In Figure 3-6, the percentage of Hg™™ as determined using the Hg
SCEM (total Hg - Hg") is plotted. Figure 3-2 clearly shows substantial Hz™* variability.
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Table 3-4
Statistical Variation of the Mercury with and Without the SCR in Service Based on the Hg
SCEM Data for Sita 54

Mercury Operation A'ﬂm!u. Std. Dev., Upper 90% CI, Lower 80% CI,
wgim pgim’ pgim’ pg/m®
Hig{total) With SCR 11.5 45 18,5 4.1
Hg" With SCR 2.3 1.7 5.1 0.0
Hyitotal) SCR bypassed 14.5 a8 20.5 B.7
Hg" SCR bypassed 5.3 19 0.4 3.2
100 AEAC Cwap a0 Coa-
80 o
80 - 3 =
o D ED
e 704 o g
T s °© 8g
B fo
N 8
o %0 o ?
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Figure 3-6

Average Hg'* as Measured by Hg SCEMs (Total Hg-Hg®) for Site 54

3.4.3 Coal Analysis Resulls

As stated in Section 3.1, Site 54 bums a medium-sulfur Kentucky bituminous coal in a cyclone
boiler. The analysis of the coal fired is shown in Table 3-5. The coal analysis shows that the coal
was relatively constant in 2002, However, in 2001 at Site 54, the chloride content in the coal
increased from an average of 360 ppm with SCR in service to 1160 with SCR bypassed.
Therefore, it is possible that some of the differences in Hg oxidation across the SCR catalyst
between the 2001 and 2002 testing may be due to differences in the coal.
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Table 3-56
Coal Analysis lor Site 54"
Date aM1/2002 91272002 2 AM32002 10M62002 10172002
Marcury ppm (dry) 017 0.8 15 .14 0.14
Chioring ppm {dry) 269 228 241 270 295

Proximate Analysis

Muoisture, wie 123 126 11.8 11.3 1.2
Volatile Matter, wi% 35.1 a5.3 a5.5 35.5 355
Fixad Carban, wi% 441 43.4 438 45.0 45.0
Ash, Wit B5 a7 B8 8.2 B.4

Uitimate Analysis

Hydrogen, wi%s 6.8 6.9 6.8 56 85
Carbon, wi% 85.7 66.3 66.5 74.6 772
Nitrogen, wi% 1.3 1.3 13 16 1.9
Sultur, wi%s 28 2.7 28 2.8 2.7
Cxygen, wits 141 13.B 131 7.0 4.9
Heating Value, Blulb 11,597 11,468 11,408 11,852 11,848
Fa' dsci10" Biu 10,397 10,664 10,733 11,217 11,592

* Excepl whiers siaied, sl results aro on an as-received bagis.
* ag calined in EFA Mathod 18,

3.4.4 Mercury Collected by the Venturi Scrubber

As shown in Table 3-6, there appears to be less Hg captured by the venturi scrubber when the
SCR is bypassed, as expected.
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Table 3-6
Partitioning of Mercury in Material Collected from Venturi Scrubber
Date Hg In FGD Materlal, wyglg Solids, %
an1/2002 0.14 15.6
aM2/2002 0.1 16.2
an2/2002 Q.10 14.3
8/13/2002 0.08 15.2
10182002 0.03 12.4
101 7/2002 0.04 12.5

3.4.5 NH; Slip and S0O; Flue Gas Results for Site 54

The results for NH; slip and S0, concentrations for each of the tests conditions are shown in
Table 3-7. The NH; slip concentrations are low (<2 ppm), indicating a well-performing SCR.
This is also shown by 87% NO, removal efficiency. Within the statistical variation of the
measured values, the SO, concentration at the SCR outlet and inlet locations were the same, At
Site 54, it does not appear SCR increased the conversion of S04 to SO;. Results were similar to
those obtained from testing conducted in 2001.

Table 3-7
54 Flue Gas, NH; Slip, and 50, Results for Site 54°

Test Condition Date NH, Slip SCR 50, SCH Inlet, 50, SCA Qutlet,
Outlet, ppm ppm ppm
SCH On-Line 9/11/2002 0.04 10.9 14.4
SCR On-Line 8112002 .18 134 10.3
SCR On-Line 841172002 1.33 — -

* Al results s reported an & dry, 3% O, basis

3.5 Mercury Mass Balance

The Hg balunce is determined by comparing the concentration of Hg in sources entering the
plant to the concentration of Hg in the sources emitted from the plant. Site §4 has a venturi
serubber. Without information regarding scrubber flow, slurry, and blowdown rates, it is not
possible to do a mass balance around the FGD. The average F, factors for Site $4 are shown in
Table 3-8. A Hg balance comparing the measured Hg in the flue gas at the air heater outlet
location compared 1o the Hg generated by the coal is 86% with SCR and 99% for the test
conducted with SCR bypassed.
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Table 3-8
Average Mercury Emission Factors for Site 54
Coal, Ib/10" Btu Air Preheater Stack, Overall Hg
Outlet, Ib/10" Biu I6/10" Btu Removal, %
With SCR in Service 10.8 9.3 0.9 g2
With SCR Bypassed 10.8 10.5 6.9 45

3.6 General Observations from S4

= There was increased Hg oxidation across the SCR catalyst as the percentage of Hg™ in the
flue gas increased from 32% at the SCR inlet to 62% at the outlet. At the air preheater outlet
location, the percentage was 96%,

* Comparing the 2002 results with those obtained in 2001 indicated that the percentage of Hg
oxidation that occurred across the SCR unit in 2001 decreased. It is unknown if this is due 1o
a catal yst-aging cffect or changes in the coal composition, in particular the chloride
concentration. Although there was a decrease in Hg oxidation across the catalyst, the overall
Hg removal at Site 54 did not change: 91% in 2002 compared to 90% in 2001,

= Comparing the Hg speciation results (at the air preheater outlet location) with and without the
SCR in service showed that the presence of the SCR unit resulted in increased He oxidation
from 57% without SCR to 96% with SCR. As a result, the overall Hg removal across the
venturi scrubber increased from 44% 1o 91%, when the SCR was in service.

*  Although lh:n: was an increase in Hg” across the venturi scrubber, it was very small: 0.5 to
0.8 pg/Nm'". This is within the vanability of the data,

* There was substantial variability in Hg and Hg speciation as measured using the Hg SCEMs.

* Based on the measurement, it appears that the SCR unit did not result in SO4 10 504
oxidation (note: these results are similar to those generated in 2001).

3-12
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SITE S5

Site 85 was selected for inclusion in the 2002 SCR 1esting program to provide additional data on
the effect of SCR on speciated Hg emissions for an eastern bituminous coal with a wet FGD, in
particular how it impacts the Hg removal across a wet FGD. Two “sister” units were tested at
Site 55, They are essentially the same design except one does not have an SCR unit.

4.1 Site Description and Configuration

Site 55 fires a West Virginia high-sulfur bituminous coal, The umt with SCR has a plate
configuration catal yst manufactured by Halder-Topsoe. The SCR unit had a space velocity of
3700 hr ' and had operated for approximately 3 months prior to testing. Both the unils tested
operated ESPs for particulate control and wet FGDs to reduce SO emissions. Information about
the configuration of the two units is presented below:

o Fuel type: West Virginia bituminous coal

* Boiler capacity: 684 MW

* Boiler type: wall-fired pc

*  NO, control: SCR. on one unit; low-NO, burners on both units

+ Parniculate control: ESP

s 50, control: magnesium-enhanced lime FGD

Schematics of the two units ot Site 85, including sampling locations, are shown in Figures 4-1

and 4-2. As shown in the figures, the ESP configuration was slightly different. The unit without
SCR had a second ESP in series.

4-1
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4.2 Sampling Approach

4.2.1 Flue Gas Sample Sireams

The flue gas Hg speciation was measured using the OH method at five locations for the unit with
SCR and three locations for the unit without SCR. A test matrix, which identifies the location of
flue gas measurements, is provided in Table 4-1. Where practical, OH measurements were
conducted simultancously across the various control devices in an effort to quantify the effect

4.3
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Table 4-1
Sampling Test Matrix for Site 55
SCR ESP SCR
Date SCAIn Out ESPIn OQOut Stack AHIn ESPIn Oul SCR Out

Begin End OH OH OH OH OH S0, 504 S0, NH;

With SCR

07/26/02 07/28/02 3

0816/02 082302 3 5 3 5 2 3 3 3
Without SCRH

avieeio2 O72ana 3

0s/13/02 082302 3 4 ] 2 2

each had on Hg concentration and speciation. In addition to Hg, flue gas samples were collected
o measure the total particulate loading and SOy concentrations, Additionally, NH; slip samples
were collected from the unit with SCR to evaluate performance.

Longer-term Hg monitoring was conducted using Hg SCEMs (PSA) located at the ESP outlet
(same as the FGD inlet) locations for both test units. These data provided semicontinuous Hg"
and 1otal gas-phase Hg concentrations for approximately 3 weeks.

4.2.2 Other Sample Streams

Samples of coal and ESP hopper ash were collected from both test units in an effort to obtain
representative operational data related 1o Hg speciation. These samples were analyzed for Hg
and, along with the flue gas emission data, were used to qualitatively evaluate the fate of Hg
throughout the units, Coal samples were collected daily throughout the test period from the coal
feeder of both units. ESP hopper ash samples were collected from the first fields of the ESPs.
Ash samples for the unit with SCR were obtained from both Sides A and B of the ESP; however,
the sample collected from the unit without SCR was obtained from only Side A of the ESP. Plant
personnel did not collect samples from the FGD system.

4.3 Process Operating Conditions

Plant operational data are presented in Figures 4-3 and 4-4 for the two test units. These figures
summanze fue gas charactenstics during the test program. Additionally, monthlong Hg SCEM
data are included in these plots for comparison with plant operational data. Hg SCEM data will
be discussed later in this report. In general, for the unit with SCR, plant load remained greater
than 80% of full capacity, with the exception of a 35-hour period ~400 hours into the test and a
few short reductions at night. These reduced load conditions did not have a significant impact on

4-4
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Hg as measured by the Hg SCEMs or OH method. The unit without SCR did not experience any
significant load reductions below 80% of full capacity during the test program.

For the unit with SCR, the inlet NO, concentration reduced noticeably beginning around

300 hours into the test from approximately 260 to less than 200 ppmy. In response to that
reduction, the NH; injection rate was reduced to maintain an SCR outlet NO, concentration of
approximately 50 ppm. Also, note at about 750 hours into the test, there is a substantial increase
in the NHs imjection rate that corresponds to a spike in the SCR inlet NO, concentration, Overall
an 80% reduction in NO, was measured across the SCR. unit.

Boiler CO for both units spiked intermittently from less than 50 to 400-800 ppm. However, there
docs not appear to be any correlation between elevated CO concentration and shifts in Hg
concentration from either OH or Hg SCEM results.

A summary of auxiliary fue gas duta, including percent O; and percent CO; for ecach sample
location, is provided in Table 4-2. The complete data set is located in Appendix C, Table C-3, In
general, the percent moisture, COs, and O; were very consistent from day to day. However, there
was ar leakage across the SCR unit, air preheater, and wet FGD system that resulted in the O-
increasing from 4% at the boiler outlet to 7.8% at the stack. Dust-loading measurements
collected at the ESP mlet and outlet location reflect a particulate removal efficiency of
approximately 95% for both units based on an average of inlet and outlet dust loadings, Based on
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Table 4-2
Auzxiliary Flue Gas Data for Site 55"
Unit with SCR Unit Without SCR
Dale  Moisture,% Dust, ©€0.% 0, % Moisture,% Dust, CO; % 0. %
gridsct gridsct

SCA Inket 10.7 3.5852 14.3 50
SCA Outlet 8.1 34083 13.8 5.7
ESP Inlat B.9 1.6848 131 6.5 B.6 0.B287 136 6.1
ESP Chutlet B.Y 00751 129 6.7 8.0 D053 129 6.7
Stack 131 0.0073 11.9 7.8 i35 00083 127 .0

* Dust inadings ween collectod as part of tha OH method sing EPA Mothod 17 ard, fersdoms, ars not 1o complisnce purposas

discussions with plant personnel, the ESPs at S5 are not extremely efficient, which is reflected
by these values.

4.4 Sampling Results

4.4.1 OH Flue Gas Mercury Results

The average Hg results from gas sampling are summarized in Table 4-3. The complete data sets
ure presented in Appendix B (Tables B-5 and B-6). Figure 4-5 shows a comparison of the data
for the unit with the SCR and the unit without an SCR. As shown in Table 4-3, there is
significant oxidation of Hg occurring across the SCR catalyst, from 43% Hg:+ o 76% ng*, The
percentage of Hg™* is further increased to 95% at the inlet to the ESP. Tt should be noted that the
apparent increase in Hg” across the ESP for the unit with ESP is most likely due 1o reactivity
with the fly ash across the filter of the OH method.

Comparing the ESP inlet Hg speciation results for the two units indicates that the percentage of
Hg®" was B0% without SCR and 95% with SCR. However, s shown by the error bars in Figurc
4-3, the OH data at this location were highly vaniable. If the ESP outlet data are used, the
difference is from 63% to 94%. This is more in line with the overall Hg removal of 91% with
SCR as compared to only 51% for the unit without SCR,

Cme objective for testing Site 85 was to evaluate the combined effect of an SCR unit and wet
FGD system on Hg speciation and remaoval, For the unit without SCR, the measured Hg'™* was
63% of the total Hg. However the Hg removal efficiency of the wet FGD system was only 51%,
This is a result of the I-lgIj increasing from 4.7 o 6.1 p g}’l‘imj across the wet FGD system. With
SCR, Hg™" is 94% of the 1otal Hg, and the total H% removal by the wet FGD system is 91%.
There 15 still an increase in I-Ig" (0.7 to 1.0 pg/Nm”) across the wet FGD system, but it is small. It
should be noted that the wet FGD system at Site 85 is a magnesium-enhanced lime system,
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Table 4-3
Average and Percentage of Total OH Mercury Resulls for S5
Average, pg/Nm® Percentage of Tolal, %
Hg, Hg™  Hg®  Hg Hg,  Hg" Mg’
Limit with SCR
SCR Inlet 0.09 8.1 7.8 14.0 1 43 hE
SCGA Outled 0.02 10.8 3.3 14.3 a 7B 24
ESP Inlet 0.07 16.8 0.8 17.6 0 85 5
ESP Outlat 0.05 11.3 0.7 121 0 84 B
Stack .02 0.4 1.0 15 1 28 72
Average lotal mercury removal = 91%"
Linit Withour SCH
ESP inket 0.05 10.8 2.7 135 1] BO 210
ESP Outlat 0.m 7.8 4.7 12.6 a B3 37
Stack 0.00 0.5 8.1 B.B a A 8z

Average tolal mercury removal = 51%"

* fwampe Hy removal is defined: (ESP inle - siack)VESP inetl.
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Figure 4-5
Comparison of Mercury Speciation Results with the SCR and Without an SCR al Site 55

Whether these mercury results would be consistent in the more common limestone forced-
oxidation design is not known since the mechanism for reemission is not well understood. This is
discussed in more detail in Section 6.4,

4.4.2 Hg SCEM Results

Hg SCEMs were operated at the ESP outlet location for both units tested. In an effort to gather
longer-term vaniability data, Hg SCEMs were operated nearly continuously for 23 days. The Hg
SCEM data for the entire test are shown in Figures 4-6 and 4-7,

Significant vanability of total gas-phase Hg was observed at the ESP outlet location of both
units. The statistical analysis for the Hg SCEM data is shown in Table 4-4. Correlation between
the Hg SCEM data and the OH method at Site S5 is not very good. Using the OH method, the
average total gas-phase Hg was 9.1 and 9.9 gg/m’ with and without SCR operating (dry at actual
0 levels). This compares to only 5.3 and 5.8 pg/m’ as measured using the Hg SCEMs. There
were significant problems associated with operating the Hg SCEMs at Site S5. It took a long
time {over a week) to gel the instruments operating, and once they began operating, there were
substantial plugging problems of the sample lines and probe, In general., it is difficult 1o assess
long-term variability of Hg concentration at S5, The abrupt shifis observed in the Hg SCEM data
indicate that Hg concentrations were highly variable at §5. Complicating the Hg SCEM duta
interpretation further is a noticeable increase in Hg concentration following replacement of the
probe or instrument filters.
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Table 4-4
Statistical Varlation of the Mercury with and Without the SCR in Service Based on the Hg
SCEM Daa for Site S5

Mercury Oparation M-nrnqn. Std. nn;.-., Upper nu;-n. Cl, Lower Hﬂ;ﬁ cl,
#gim prgim pgim #gfm
Hgitotall  With SCR 5.3 a9 11.8 0.0
Hg" With SGA 0.2 0.4 0.9 0.0
Hag{lotal) SCR bypassed 5.8 39 122 0.0
Hg" SCH bypassed 0.8 0.7 1.5 0.0

4.4.3 Coal Analysis Resulis

Coal samples from 55 were analyzed for Hg and chloride. Both the coal Hg and chloride
concentrations were very consistent. For six samples analyzed, the Hg and the chlonde
concentrations were 0.13 £ 0,013 and 472 £ 28 ppm, respectively. The analysis of the six coal
samples is shown in Appendix B, Table B-7. Results of proximate and ultimate analyses for the
coal are provided in Table 4-5.
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Table 4-5

Coal Analysis for Site 55°

Date TRe/2002 /52002 A&M5/2002
Marcury ppm {dry) 0.14 012 0.15
Chilorina porm {dry) 430 500 480
Proximate Analysis
Moisture wih 5.1 4.8 3.9
Volatile Mattar wi%s a7 383 38.7
Fixed Carbon  wi% 44.4 45.3 45.3
Asi Wit 127 11.6 129
Ultimate Analysis
Hydrogan wid%h 5.3 5.3 5.3
Carbon wi% B0.4 69.8 71.5
Nitrogen wi% 1.4 1.4 1.4
Sultur wite 36 35 3.8
Oxygen wids 76 a4 5.8
Heating Value Blwib 11,918 12,164 12278
F, Factor” dsct/ 10" Biu 10,416 10,218 10,480

* Excepl whans maled, all nesulls ano on on as-receteed Dagis.

* an dafirsd i EPA, Mathod 18,

4.4.4 ESP Ash Mercury Results

Kire 85

ESP hopper ash samples were collected daily throughout the test period from both test units. Ash
analyses consisied of Hg and LOI determination and are presented in Table 4-6. In general, the

Hg concentration in the ash was very low, <0.1 pg/g with or without SCR. The LOI for all
samples analyzed was less than 7%. Based on these results, only a small amount of Hg was

adsorbed by the ash and subsequently removed across the ESP. This is supported by OH results.
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Table 4-8
Analysis of ESP Hopper Ash
Hg, pglg No.of Samples  LOL%  No.of Samples
Unit with SCR 0.094 = 0,041 18 521127 5
Uit Without SCR 0.068 +0.016 21 3.96 + 0BT B

4.4.5 NHs: Slip and 50; Flue Gas Resulls

A summary of the NHs slip and 50, results is provided in Table 4-7, The NH; ship was less than
0.5 ppm for both samples, indicating an efficiently operating SCR. Based on the expected
conversion of SOs to SO that occurs across the SCR unit, it would be expected that the unit with
SCR would have higher SO concentrations than the unit without SCR., Comparing the results at
the ESP sampling location, this is indeed the case. However, the results at the SCR outlet are
much lower than seems reasonable and the ESP inlet SO; concentrations are actually higher, No
clear couse has been identified that would explain these results.

Table 4-7

Flue Gas S0, and NH, Results for Site 55"

S0, ppm MNH; Slip, ppm
Linit with SCH
Date SCA Outlat ESP Inle SCR Outlet
8182002 1.83
B/18/2002 5.28 0.29
B/22/2002 1.1 16.03 0.34
B/22/2002 1.78 18.30
Uin#t Withowt S5CH
Data AH Inlat ESP Inlat
B14/2002 10.61 8.82
B/15/2002 5.06
B/15/2002 5.13
" Diny and 3% oxypen
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4.5 MBI'I:I.II"!' Mass Balance

Average Hg concentration in the coal and F; factors (Table 4-5) were used 1o estimate the Hg
emission rate al the various sample locations. For the Hg associated with the ESP hopper ash, the
Fg factors were based on the dust-loading measurements as well as the Fy factor. The results are
shown in Tible 4-8.

Table 4-8
Average Mercury Emission Factors for Site 55

Ib HgH0" Btu
Coal ESP Inket ESP Hopper Ash  ESP Dutlet Stack
Uinit with SCR 10.8 13.4 0.2 9.2 1.1
Linit Without SCR 10.8 10,3 0.2 9.8 5.0

A Hg balance comparing the measured Hg in the flue gas at the ESP inlet location compared to
the Hg generated by the coal 1s 124% with SCR and 95% for the test on the unit without SCR.

To determine the mass balance around the ESP the sum of the Hg associated with the ESP
hopper ash plus the Hg in the flue gas at the ESP outlet must equal the Hg measured in the flue
gas at the ESP inlet. The results of this balance for the units with and without SCR are 70%, and
95%. It should be noted that there was substantial variability in the Hg flue gas measurements.
This is particularly true at the ESP inlet location where the standard deviation was

3.4 110" Btu for the unit with SCR and 2.9 1b/10' Btu for the unit without SCR.

Unfortunately, the plant personnel did not provide FGD samples for analysis, and no plant data
are uvailable (gas flows, slurry feed rate, and blowdown) to estimate the Hg removal rates by the
FGD. Therefore, it 1s not possible to do a Hg mass balance around the wet FGD system.

4.6 General Observations from S5

* There was an increase in Hg oxidation across the SCR catalyst. The percentage of Hg™ in the
flue gas increased from 43% to 76%. At the ESP inlet and outlet location, the percentage of
Hg'* was 95%.

¢ Companng the Hg speciation results (at the ESP inlet location) with and without the SCR
unit in service showed that the presence of SCR resulted in more Hg™: 80% without SCR
and 95% with SCR. There was substantial vanability at the ESP inlet locations for both units.
If the ESF outlet dita are used, the difference was 63% to 94%.

®  The overnll Hg removal was greater with an SCR: 51% for the unit tested without SCR and
91% when SCR was in service.

» There was an increase in Hg' across the wet FGD system for both units. For the unit without
SCR. the Hg" concentration increased from 4.7 pg/Nm” at the FGD inlet 10 6.1 pg/Nm’ at the
outlet. The increase was less for the unit with SCR: 0.7 to 1.0 pg/Nm'.
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e Hg removed by the ESP was low: an average of 0.2 |b I-lgll'll’.l” Btu for the two units.

4-18



5

SITE S6

Site 56 was selected for inclusion in the 2002 SCR testing to provide data associated with
buming a compliance low-sulfur eastern bituminous coal, The primary tests were conducted on
two of the four units at Site 56. On one of the units, SCR was operated for the entire testing
peniod; however, on the other, SCR was bypassed for the majority of the test period. In addition,
at Site 56, additional testing was done at the stack of a third unit (no SCR) as pant of a separate
test program. For comparison purposes, the results obtained at this unit are also presented in this
report.

5.1 Site Description and Configuration

Site 56 operates four units consisting of two sets of similar configurations. Two of the four units
have SCR units 1o reduce NO,, and all four units have ESPs for particulate control. The SCR
catalysts at Site 56 are a honeycomb type and manufactured by Cormetech. The SCR unit has a
space velocity 3800 hr'. The SCR units have been operating for two ozone scasons. In between
the two seasons, one layer of catalyst was changed. Specifications of the Site 56 units are
presented in Table 5-1.

Table 5.1
Specifications of Site S6 Units"

Specification Unit 1 Unit 2 Unit 4

Fuel Type KY and WY aasiem KY and WV aastem KY and WV sastam
bituminous coal bituminous coal bituminous coal

Boiler Capacity 700 MW TOO MW 00 MW

Bailer Type tangentially fired tangentially fired tangentially firad

Low-NO, Burnars  Yes Yoz Yes

SCR Yes Oparated in bypass mode Mo

Particulate Control  ESP ESP ESP

50, Low-sulfur compliance Low-sulfur compliance coal  Low-sulfur compliance
coal coal

—

" Site 5 has teur uris. Unil 3 (ne esting was dona &l Bis ima) i the same &s Uail 4.

Schematics of the three test units at Site 56, including sampling locations, are shown in
Figures 5-1 through 5-3.

-1
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Flgure 5-1

Schematic of Site 56 Showing Sample Locations for Unit 1 with the SCR In Service from a
Vertical and Horlzontal Perspective
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Figure 5-2

Schematic of Site 58 Showing Sample Locations for Unit 2 with the SCR Bypassed from a
Vertical and Horizontal Perspective
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Figure 5-3

Schematic of Site S6 Showing Sampile Locations for Unit 4 with No SCR from a Vertical
and Horizontal Perspective

5.2 Sampling Approach

As stated previously, sampling at 86 was primarily conducted on two units (1 and 2) both with
SCR, but the SCR unit was bypassed on Unit 2. Data collected from these similar units provided
a companison of speciated Hg emissions from SCR and no-SCR operation.

5-4
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5.2.1 Flue Gas Sample Streams

The flue gas Hg speciation was measured using the OH method at four locations for Unit |
(SCR) and two locations for Unit 2 (SCR bypassed). A test matrix, which identifies the location
of fluc gas measurements, is provided in Table 5-2, Where practical, OH measurements were
conducted simultaneously across the various control devices in an effort to quantify the effect
each had on Hg concentration and speciation. In addition 1o Hg, flue gas samples were collected
to measure the total particulate loading and SOy concentrations. Additionally, NH; slip samples
were collected from Unit 1 (SCR) to evaluate performance.

Table 5-2
Sampling Test Matrix for Site S6

Date SCRIn SCROul ESPiIn Stack SCROut SCROut ESPIn
Begin End OH OH OH OH NH; 50, 50,
Unit 1 (SCR}
fg/22/02 082602 4 4 4 5 2 s 2
100802 1011802 ¥
Linit with SCR (Unit 2)
022002 09/25/02 3
Unit 2 {SCR bypassed)
1V0B02 10M18/02 2 7 2 2

Uinit 4 (no SCA) — Plume Study
10¥0B02 1051 802 T

Longer-term Hg monitoring was conducted using Hg SCEMs (PSA) located at the stack
locations for each of the test units. These data provided semicontinuous Hg" and total gas-phase
Hg concentrations for approximately 3 weeks.

5.2.2 Other Sample Streams

Samples of coal and ESP hopper ash were collected daily from the test units in an effort 1o obtain
representative operational data related to Hg speciation, These samples were analyzed for Hg
and, along with the flue gus emission data, were used to qualitatively evaluate the fate of Hg
throughout the units, Daily coal samples were collected as composites from the different coal
teeders. ESP hopper ash samples were collected from the first fields of the ESPs.

L
L
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5.2.3 Process Operating Conditions

Plant operational data are presented in Figures 5-4 through 5-6 for the test units. These figures
summarize fMue gas characteristics during the test program. Additionally, monthlong Hg SCEM
data are included in these plots for comparison with plant operational data. Hg SCEM data will
be discussed later in this report.

In general, during the day, the plant load at the two primary test units (Units | and 2) was near
full load and would drop at night. However, at Unit 4 (no SCR), the plant data showed a
signficant load reduction at about 120 hours into the test.

A summary of auxiliary flue gas data, including percent Oy and percent CO; for each sample
location, is provided in Table 5-3 (the complete data set is in Table C-3 in Appendix C). In
general, the percent mosture, CO3, and O were very consistent from day 1o day. However, there
wis some air leakage across the air preheater that resulted in the O; increasing from 4.1% at the
SCR inlet to 6.5% at the stack for Unit | {(SCR). The air leakage was about the same for Unit 2
(SCR bypassed). Dust-loading measurements collected at the ESP inlet and outlet location reflect
i particulale removal efficiency of >99%: for both units based on an average of inlet and outlet
dust loadings.

30
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Plant Operation Data for Site S6 for Unit 1 with the SCR In Service
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Table 5-3
Auxillary Flue Gas Data for Site 58
Moisture % Dust," gridscl COy, % Oy, %

Linir 1 {SCR)
SCR Inlat 8.0 3.7306 14.7 4.1
SCR Outlet B.7 41673 15.2 4.7
ESP Inlet BB 2.7321 13.8 540
Stack 2.3 0.0165 1341 6.5
Unit 2 (SCR bypassed)
ESP Inlat 8.3 42273 15.4 a7
Stack 7.B 0.0150 13.2 6.4
Linit 4 (no SCA)
Stack 7B 0.0388 145 4.9

" Dust leadings ware coffecied as part of the OH mathod using EP& Method 17 and, (heretore, ane nat for compliance purposes

5.3 Sampling Results

5.3.1 OH Filue Gas Mercury Results

Average Hg results for flue gas sampling at Site $6 are presented in Table 5-4. The complete
results are presented in Appendix B (Tables B-8 and B-9). As shown in Table 5-4, there is an
increase in the concentration of Hg™* across the SCR catal yst from 60% to 82% Hg™, There is
only a slight additional increase to 87% at the ESP inlet location (this is within the variation of
the data).

Comparing the ESP inlet Hg 5pﬁmhm results for Unit | (SCR) and Unit 2 (SCR bypassed)
shows that the percentage of Hg™ was 69% with SCR bypassed and 87% with SCR. However,
there was essentially no Hg removal across the ESP for either unit. A direct comparison
mncluding the error bars associated with the total Hg concentration for all three units is shown in
Figure 5-7.
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Table 5-4
Average and Percentage of Total OH Mercury Results for 56"
Average, yg/Nm’ Percent of Total, %
Hg; Hg™ Hg" Hgrou Hge Hg" Hg"

Unit 1 (SCR)
SCA Inkst 004 5.8 3.8 B8 o B0 el
SCH Dutlet 0.03 T 1.5 B.G o B2 18
ESP Inlet 0.80 B.5 0.5 9.8 8 87 B
Stack 0.00 8.3 0.8 101 0 B2 8
Unit 2 {(SCR bypassed)
ESP Inlet 2.59 6.6 0.4 a5 a7 B9 q
Stack 0.01 6.0 13 7.4 0 a2 18
Unit 4 (no SCR)
Stack 0.m 4.0 1.8 5.8 8] 63 N

* All marcury resqlls ara on & dry basis cormeated o 3% 0

Note: Ermor bars represent standard deviation of total Hyg
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Figure 5-7
Comparison of Mercury Speciation Results for the Three Test Units
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5.3.2 Hg SCEM Resulis

Hg SCEMs were operated at the stack location of the three units tested. The Hg SCEMs were
operated nearly continuously for a month, A summary of Hg SCEM data plotted over the entire
test penod for the three units is provided in Figures 5-8 through 5-10. The statistical average Hg
SCEMs results are shown in Table 5-5. For Unit 1 (SCR}), the Hg SCEM data averaged

5.2 ngfm] with 90% of the data falling between 2 and 8 ge/m’. For Unit 2 (SCR bypassed), the
average Hg SCEM result was 5.7 pg/m’, with 90% of the data points falling within 1.3 and

10.1 pg/m’. For Unit 4 {no SCR), the Hg, SCEM data averaged 7.5 pg/m’ with 90% of the data
points falling between 5.9 and 9.1 pg/m”, Although there is some difference between the OH
data and the Hg SCEM averages, the results are within the statistical variability of the data.

The variability of the Hg™ is shown m Figures 5-11 and 5-12. As can be seen, there appears to
be a decrease in the percentage of Hg™, and there was more vmia!:ilir}r when SCR was bypassed,

However, as was shown by the OH method, the percentage of Hg™ at the stack was high (>90%:)
both with and without SCR.

At about 125 hours into the test (see Figure 5-5), there does appear to be a small increase in Hg"
concentration that corresponds with SCR being bypassed. Figure 5-13 presents the He SCEM
data during this time period.
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Eli;lfjl Varlation of the Mercury Results Based on the Hg SCEM Data for Site 56

Mercury  Unit Operation Average, Std. Dev., Upper90% Lower 90%
pgim prgfm’ Cl, pgim®  CI, pg/m’

Haitotal) 1 With SCH 52 1.7 B.O 24

Hg" 1 With SCR 0.1 0.2 0.4 0.0

Hagilotal) 2 SCH bypassed 5.8 27 10.2 1.4

Hg" 2 SCR bypassed 0.7 0.5 15 0.0

Haltotal) 4 Mo SCR 7.5 1.0 8.2 59

Hg" 4 Mo SCR 1.0 0.4 1.7 0.3

% Oxidized Hg
2

L —

822 226 30 10/04 1008 1012 1016 10M18

Calendar Tima

Figure 511
Average Hg'" as Measured by Hg SCEMs (lotal Hg - Hg®) for Site 56 Unit 1 (SCR on-line)
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5.3.4 Coal Analysis Results

MNine of the coal samples from $6 were analyzed for Hg and chlorides (presented in Table B-10
in Appendix B). The Hg concentrations were very consistent, averaging 0.066 £ 0.009 ug/g.
However, the chloride content of the coal was somewhat more variable, uveraging 1020 +

300 ppm. These averages are based on all coal samples analyzed regardless of the unit they were
collected from, Plant personnel said that the same coal was fired in all three units.

Additional analyses were conducted on selected coal samples. Results of proximate and uliimate
analyses (including the Hg and chlonde concentrations for that sample) are provided in
Table 5-6. In general, it appears that coal composition from all three units was very consistent.

Table 5-8
Coal Analysis for Site 56"

Date: 82412002 9/2472002 10/ef2002 10/a/2002

Unit: Unit 1 (SCR) Unit 2 (SCA bypassed) Composite” Unit 4 {no SCR)
Mercury ppm (dry) 0.084 0.052 0.063 0.070
Chlorine ppm (dry) 1210 1520 1170 1320
Proximate Analysis
Moisture wi% 5.6 5.9 B.2 65
Volatile Matter  wi% 331 34,5 34.8 34.7
Fixed Carbon Wit 49.1 49,1 47.0 47.3
Ash wi% 12.2 105 120 11.5
Uitimate Analysis
Hydrogen wi% 5.2 5.3 5.3 5.3
Carbon Wi 70.7 71.0 B7.8 B68.5
Nitrogen wi% 1.5 1.7 1.6 17
Suttur Wit 0.9 0.8 12 1.1
Cixygan Wi 8.5 10.8 121 120
Heating Valug  Biuib 11,9386 12,142 12,158 11,837
F4 Factor® dsci0® B 10,357 10,181 9727 10,085

:Emmm.imﬂmwamm ns-revend hasks.
Compaaite of all thres uniits.
* fa defined by EPA Masthod 19,

5-20
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5.3.5 ESP Ash Analysis

ESP hopper ash samples were collected daly throughout the test period from each unit. ESP
configuration at Unit 1 (SCR) and Unit 2 (SCR bypassed) consisted of two ESPs in series. Ash
samples were obtained from the first hoppers of each ESP (AB and CD) and analyzed for Hg and
LOL Unit 4 (no SCR) had only a single ESP. The ESP hopper ash Hg and LOI averages are
presented in Table 5-7. Plant personnel had indicated that ash charactenistics were substantially
different between the first and second ESP, specifically high unbumed earbon in the first ESP.

Table 5-F
Analysis of ESP Hopper Ash
Unit ESP AB ESPCD
Ash Hg, No. Lo, MNo. Ash Hg, No. Lo, Mo,
'y Samples %% Samples pglg Samples B Samples
Unit 1 (SCR) 0073 + 22 34 il 0.066 + 28 34 4
0.014 0.027
Linit 2 (SCR 0152 = 20 4.8 ] 0118 = 25 4.5 5
bypassead) 0.068 0.033
Unit 4 {no 0058 + 14 4.0 2 -— —_ — . —
SCR) 0.017

Resulis from our limited LOI analysis did not indicate a significant difference between the
samples.

5.3.6 NH; Slip and SO; Flue Gas Resulls

NH; slip samples were collected at the SCR outlet. A summary of these results is provided in
Table 5-8. The NH; slip was less than 0.2 ppm for both samples, indicating an efficiently
operating SCR unit. This is also illustrated by >90% NO, removal efficiency caleulated from
plant operational data,

50y testing was conducted at the SCR outlet and ESP inlet of Unit 1 (SCR) and at the sir heater
inlet and ESP inlet on Unit 2 (SCR bypassed). A summary of these results is also provided in
Table 5-8. These data are consistent with what would be expected from a low-sulfur eastem
bituminous coal. It also appeared that (with the exception of the data taken on October 11, 2002)
there was some SO, condensation on the fly ash and possibly deposition in the air heater,
Comparing the data of Units | (SCR) and 2 (SCR bypassed) indicated that there is some
conversion of 30; to S0 across the SCR catal yst,



Sire 56

Table 5-8
Flue Gas S0, and NH, Resulls for Site S&°

S0,, ppm NH, Slip, ppm
Unit 1 (SCA)
Cate SCA Outlet ESP Inbat SCR Outlst
Q232002 1321 4.02 0.11
82412002 14.07 4.19 017
Linit 2 (SCR bypassed)
101 172002 5.76 7.68
10/14/2002 BT 251
* Dry and % coeygan

5.4 Mercury Mass Balance

Average Hg concentration in the coal and F factors (Table 5-6) were used to estimate the Hg
emission rate at the various sample locations. For the Hg associated with the ESP hopper ash, the
Fy factors were based on the dust-loading measurements as well as the F; factor. The resulis are
shown in Table 5-9.

Table 5-8
Average Mercury Emission Factors for Site 56

Ib Hg/0" Blu %
Unit Tested Coal ESP Inlat ESP Stack Balance” Balance"
Hopper Ash Basedon  Across ESP
Coal Hg

1 {SCA) 55 6.1 0.40 7.6 1M 131

2 (SCR 55 7.3 0.93 5.5 B7 A&
bypassed)

3 (no SCR) 55 — 0.31° 45 — =

* Calcuiatesd balance is based on the coal Hg concentration and 1he ESP iniet [[Hges - Hgvs s Mol
" Calculated balance is based on tha ESP inlet Hg concentrasion and s 50 |Gy + Hiese eV .
" The ES# inlet was not measursd; tharshons, the inel dust isading used was et abéained from Linit 2 (SCR typasssd),

As shown in Table 5-9, it appears that the Hg concentration as measured in the coal 15 low

compared to the flue gas measurements. The vanability of the coal Hg was very low with a
relative standard deviation of <15%. The variability of the flue gas data also was low. The

relative standard deviations ranged from 1 1% 1o 22%.

322
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5.5 General Observations from S6

» There was Hg oxidation across the SCR. catalyst as the percentage of Hg™* in the flue gas
increased from 60% to 82%. At the ESP inlet and outlet location, the percentage was 879,

¢ Comparing the Hg speciation results (at the ESP inlet location) with and without SCR in
service showed that the presence of SCR resulted in greater Hg™ 69% for Unit 2 (SCR
bypassed) and 87% for Unit 1 (SCR).

¢ Hg SCEM data gathered during the time SCR was bylr-assed illustrate a small but measurnble
increase in Hg" from approximately 0.1 1o 0.75 pg/m’.

®  There was little if any Hg removal across the ESP,
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DISCUSSION OF OVERALL RESULTS

The primary goal of this program has been to evaluate the effect of SCR operation on Hg
speciation with a focus on quantifying the fate of Hg across various pollution control devices.
Over the course of 2 years, a total of six plants have been tested with two of these plants being
tested in both 2001 and 2002, providing a total of eight data sets from which to evaluate the
effects of SCR operation. A summary of the plant configurations and the iype of coal combusted
18 provided in Table 6-1. A summary of the coal fired at each facility is shown in Table 6-2,

It should be noted that additional data had been generated in 2001 for facilities thar utilized either
SNCR or flue gas conditioning technologies; however, for the purposes of this report, only SCR
facilities are being addressed. Results from SNCR and flue gas conditioning plants can be found
in the Power Plant Evaluation of the Effect aof Selective Catalviic Reduction in Mercury [11].

As has been stated earlier, the use of SCR to reduce NO, emissions has the potential to improve
the Hg control efficiency of existing particulate removal and FGD systems by promoting Hg™* or
particulate-bound Hg formation. As data were compiled at the various facilities, several factors
were identified which may potentially impact the oxidation potential of SCR. Among these
factors, coal type, catalyst type and structure, and catalyst age were specifically identified as
lactors that have the potential to influence Hg speciation.

To evaluate the effect of SCR on Hg speciation and, ultimately, on Hg emission at each plant, the
following were determined:

*  The change in He oxidation across the SCR umit,

=  The effect of SCR on Hg oxidation obtained by comparing results with and without SCR in
service at the particulate control inlet or outlel.

® The overall Hg removal with and without SCR.
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Table 6-2
Average Analysis of Coals Fired During 2001 and 2002 Field Tests"

51 852 52.2 53 S4 54-2 85 S8
Hg, wg/g dry 0.10 0.7 0.14 0.40 0.13 0.18 0.13 0.073
Cl, wg/g dry <60 1330 635 1150 360 260 470 1020
Maoistura, % 2.5 76 6.1 7.0 10.5 11.8 4.6 6.1
Ash, % ar 1.7 9.4 14.0 9.1 B.5 121 11.8
Sulfur, % 0.2 39 3.9 1.7 28 28 a6 1.0
HY, Btulb BOTT 11,082 12,087 11.421 11,341 11,634 12,120 12018
* As-received nless olharmise noted.

6.1 The Change in Mercury Oxidation Across the SCR Catalysts

The percentage of Hg™" was measured at both the inlet and outlet of the SCR unit at each facility,
It should be noted that all of the OH samples taken at these two locations were prior to the air
preheater; therefore, the temperature ranged from 640 1o 700°F (338°-371°C). Table 6-3
presents the results of the 2001 and 2002 1esting. For all of the plants tested, there was an
increase in Hg oxidation across the SCR catalyst. However, the amount of oxidation that occurs
across the catalyst is highly vanable. Some factors that may affect the level of oxidation are coal,
catalyst chemistry and structure, and catalyst age.

There was substantial variability in the percentage of Hg™ at both the SCR inlet and outlet
locations. Site S1 fired a PRB coal and had a very high level of LOI, and as such, it is not
surprising it would be different, but there was also vanability among the other sites firing eastem
bituminous coal. For example, repeat testing conducted at Site 54 indicated a substantial increase
in the percentage of Hg™* when the coal chloride concentration increased from 2001 to 2002
testing. As shown in Figure 6-1, one factor that appears to relate to the percentage of Hg™ at the
inlet to SCR unit is the chloride concentration in the coal. It appears there is a threshold chlonde
concentration at about 300 and 500 ppm chloride above which 40%—60% Hg oxidation results at
the SCR inlet. What effect this has on overall Hg oxidation is unclear.

Omce the flue gas enters the SCR unit, it would be expected that other factors such as catalyst
Lype. structure, and space velocity may impact Hg oxidation. Without substantially more data, it
is very difficult to determine the Eft'ncts of these parameters, For example, Sites 52 and 54 had
“low™ space velocities (<2300 hr''); Sites 53, 55, and 56 had “high" space velocities

{(=3700 hr "), but there does not appear 1o be a clear correlation. However, as shown in

Table 6-1, the catalyst types and structures were also different. An attempt was made to evaluate
catalyst aging effects by retesting two plants in 2002 that had been sampled in 2001 Sites S2 and
54. The results are discussed in Section 6.3. EPRI is currently in the process of trying to develop
models that would predict the effects of the SCR catalysts based on catalvst properties.

f-3
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Table 53
Change in Mercury Oxidation Across the SCR Catalyst

Site  Year Sampled SCR Inlet Hg™", SCR Qutlet Hg™", Percentage Polnt
% of total Hg % of total Hg Increase,” %
51" 2001 B 18 10
=2 2001 48 E2h| 43
s2 2002 54 87 a3
s3 2001 55 85 10
54 2001 g 80 7
sS4 2002 a3 63 30
55 2002 43 76 a3
56 2002 G0 a2 22

* Pamantage point incease B defined aa (SCA Outlet % - BCFA Infel %)
" SBite 31 fired a PAB coal; the ofhors wers sastem bifuminous coals

100 ESSCLo0s (O

o
=]
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°g

52 - 2002
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[ 5 *
She L]
5".2“”2 52 - 2001

]
=
I

81 54 - 2001
1 +—a—"

]

200 400 600 BO0 1000 1200 1400 1800
Average Chloride Conc. in the Coal (dry), pa/g

Percentage of Hg"" in Flue Gas Prior to the SCR
&
E 1

Figure 5-1

Percent of Oxidized Hg** at the Inlet of the SCR System as a Function of Chloride Content
of the Coal (note: nonlabeled data points are results from plants without SCR units where
Ho speciation was measured at the air heater inlet)
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6.2 Effect of the SCR on Mercury Oxidation

Although there is strong evidence that an SCR catalyst does promote Hg oxidation, to determine
the overall effect of SCR, it was useful to conduct tests both with and without SCR in service at
each site. For two of the sites (53 and 54), testing was done on the same unit with SCR bypassed
at the end of the ozone season. For one, 85, sampling was done at two similar units with only one
having an SCR unit. At the final site, 86, two unils were lested, and both had SCR units, but the
SCR unit on one was bypassed, Figure 6-2 shows the comparison for all of the sites firing eastern
bituminous coal. Based on Figure 6-2, it appears (with the possible exception of Site 53) there is
increased Hg oxidation as a result of SCR based on measurements made at the inlet to the
particulate control device. Table 6-4 quantifies the change in Hg™*

Emﬂi - i | Bl
& # 55/ /
NI ) 1 _
8 60 ﬁ J.% f;"/
; | 7
MEnhiun
Eﬂn: é é f%
= ||== iniet 1o Part. Control Device —WinSCR | | 4
. B |5Fé?;"f |5f§.ﬂ lsléﬂ Is% sé
il Site

Mercury Speciation Results Comparing All the Sites Tested Firing Eastern Blluminous
Coal
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Elh:::m in Hg"* as Measured at the Inlet to the Particulate Control Device
Site With SCR, % Without SCR, % Percentage Point Increase, %
5201 a7 73 24
S2-02 a7 = —
53 &7 7 -10°
54-01 a7 56 <3|
54-02 96 57 ag
85 a5 80 15
1 a7 Ba 18

* OH samples wen not akan in 2002; howaver, based on Hp SCEM data. § 6d nol appear (e change wis as graat in 2002 os
2001, Tha Hg SCEM rasult showsd the Hy” concaniration only increasing from 0o 0.8 ygéim” at the ESP inlet locations [with and
wishoui the SCH in aenvice). In 2001, the Hy' incressed from 0.4 10 3.4 ygéim® when the SCH was bypassed

L It tha paficulate-bound HyY is included, the results are 81% nonalemernial Hg both with and without the SCR

6.3 Effect of SCR Catalyst Age on Mercury Speciation

Flue gas monitoring was conducted over 2 consecutive years at two power plants to evaluate the
impact catalyst age had on Hg speciation. Sites 52 and 54 were tested in 2001 and again in 2002
to determine if the oxidation potential of an SCR catalyst was reduced with time, specifically
after one additional season of operation.

Testing in 2001 a1 Site 52 was conducted after approximately 3.5 months of catalyst age and
about 5 months at Site 54, 2002 testing was conducted after an additional ozone season,
approximately 5 months of catalyst age. Figures 6-3 and 6-4 show there was a decrease in Hg
oxidation across the SCR catalyst in 2002 compared to 2001 for both sites retested. However,
there were mitigating circumstances at each plant. At Site 52, in an attempt to control S04
emissions, humidification and alkali injection were done upstream of the SCR umit. As a result of
humidification, the temperature of the SCR unit was cooler by about 10°F in 2002 compared 1o
2001. In addition, the coal fired at 52 was from a different mine than that used in 2001, At

Site 54, the coal chlonde concentration was extremely variable in 2001,

Although there were differences in the oxidation across the SCR catalyst, at the inlet to the
particulate control device there was no significant differcnce between the 2 vears for either

Site 52 or 54. Although there are suggestions that Hg oxidation may have decreased after an
addiional ozone season, the results are considered to be inconclusive. Additional testing is being
planned. Hg speciation sampling is recommended at these two plants for several more vears.
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Comparison of Mercury Speciation Results from 2001 and 2002 at Site 52
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Comparison of Mercury Speciation Results from 2001 and 2002 at Site 54

=7



[uscursion of Cverall Reilrs

6.4 SCR/Wet FGD Combination for Mercury Control

The underlying intent of understanding Hg oxidation via SCR technology is to determine its
potential to improve the Hg collection efficiency of existing ESPs, fabnc filters and, in
particular, FGD systems. In general, wet FGD systems remove a Earg: percentage (=90%) of
Hg™. However, there has been evidence that some of the captured Hg™* cun be reduced in the
wel FGD system to Hg" [11,19]. Three sites have been tested in 2001 and 2002 that have wet
FGD systems. Sites 52 and 55 employ magnesium-enhanced lime FGDs, and Site S4 is a
combined particulate/SO; ventun/spray tower scrubber, Sites 82 and 54 were tested in 2001 and
20612, thus yielding a database of five measurements at three sites. It is important to note that
~60% of wet FGD systems in the United States are limestone forced-oxidation systems. As can
be seen in Table 6-5, at all ﬂl'thc sampling sites when SCR was not in service, there is a
measurable increase in Hg" BCTo8S the FGD unit. For the tests with SCR in service, the five data
paints show an increase in Hg but the increase appears to be very small and is generally within
the vanability of the data.

Table 6-5
Effect of the SCR on Hg" Concentration Across the Wet FGDs

Site Year FGD Inlet Hn;t:um, FGD Qutlet Hg‘ Cone., ﬂl’unﬂqi Total Hg
Sampled pgNm pgiMm g/Nm Removed, %

With SCR

52 2001 0.4" 0.9 0.5 g

g2 2002 0.3 1.3 1.0 B4

54 2001 0.5 0.8 0.3 80

54 2002 1.0 1.3 0.3 91

85 2002 0.7 1.0 0.3 1

Without SCR

52 2001 3.4" 5.0 16 51

84 2001 56 71 15 48

S4 2002 57 8.0 24 44

55 2002 4.7 6.1 1.4 51

* Change is defined ns: [FGO cuet Hp® cone. - FGO infed Hg® cong. ),
" For 2001 S#e 52 data, he ESP nlet datn woro used becausa the FGD il Hp cancentrations were claar oullisrs.

The mechanism for FGD r:amu.ﬂmn is not well understood, but it is speculated that sulfite in the
FGD slurry may reduce Hg™ to Hg". The impact of forced oxidation may alter the sulfite
chemistry, potentially giving different results than those obtained for the plants shown in
Table 6-5. Because the mechanism of reemission is not well understood and it is not known how

6-8
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SCR units may impact reemission, the reader is cautioned in attempting to extrapolate the results
from these three sites to all FGD systems. Additional studies are recommended and planned at
plants with imestone forced-oxidation FGD sysiems.

6-9
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CONCLUSIONS

The primary conclusions based on the test resulls are;

For plants finng eastern bituminous coals, Hg oxidization occurs across SCR catalysts,
However, it appears to be variable and most likely related to a variety of factors. Some
potential factors are coal characteristics, catalyst chemistry, catalyst type and structure, space
velocity, and catalyst age.

It appears that addition of an SCR unit, when an eastern bituminous coal is fired, will provide
additional Hg™'. With the exception of Site $3 (where the Hg was essentially all H2"" or Hg,.
both with and without SCR), all facilities showed increased oxidation at the inlet to the
particulate control device, The increase ranged from 15 to 39 percentage points.

Al both sites where sampling was done in 2001 and 2002, there appeared to be a decrease in
Hg oxidation across the SCR catalyst between one and two ozone seasons of operation,
However, at both facilities, there were other possible explanations related to changes in plant
operation. These changes do not allow a definitive conclusion to be developed on the effect
of an additional ozone season on SCR/Hg oxidation. It is important to note that the Hg
oxidation at the inlet to the particulate control device was not affected by the sdditional
DZONE SEason.

Based on the limited data at three plants (five total data sets), it appears there is some
reemission of the captured Hg across the wet FGDs. For the tests with SCR in service, the
increase appears 1o be very small and is generally within the vanability of the data.
Mevertheless, five data points show an increase in Hg". When an SCR unit is not present, it
appears that the reemission is more pronounced,

Future Test Plans

Based on a review of these test results, several areas are recommended for further investigation,
DOE, EPA, and EPRI are planning to conduct additional full-scale, as well as bench- and pilot-
scale studies, 1o address the following:

The effect of SCR when PRB coal is fired in a pe-fired boiler

Further testing to determine the effect of SCR units on Hg capture in wet FGD systems, in
particular on Hg reemission

The effect of SCR when PRB/bituminous-blended coal is fired
Further evaluation of the effect of catalyst age on Hg speciation
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QUALITY ASSURANCE/QUALITY CONTROL

The EERC is committed to delivering consistent and high-gquality research that exceeds its
clients’ needs and expectations. To ensure that the goals of this project are realized, an
organizationwide quality management systern (QMS), authorized and supported by EERC
managers, 18 in effect and govemns all programs within the organization. The EERC established
and formalized a QMS and QC procedures in August 1988, The Quality Manual defines the
requirements and the orgamzational responsibilities for each major element of the QMS and
references the supporting documents needed to provide a comprehensive program. Compliance
with this manual and its supporting documents ensures that the EERC adequately fulfills
governmental and private client requirements relating to quality and compliance with applicable
regulations, codes, and protocols. This project was required to follow the Quality Munual,
project-specific quality assurance (QA) procedures, and all revisions. The EERC Quality
Assurance Manager implements and oversees all aspects of QAJ/QC for all research,
development, and demonstration projects and reviewed the QA/QC components of this project.
The project manager is responsible for ensuring that project-specific QA/QC protocols are
followed.

To ascertain data quality obtained duning the sampling program, the following procedures were
used:

¢ Process operatimg data were examined to ensure that the OH sampling took place during
steady, representative plant operation.

*  Sampling and analytical analysis protocols were reviewed to ascertain how the data
compared with other data generated using standard protocols,

* The reagent blanks, field blanks, and field spikes were reviewed to qualitatively determine
the confidence that can be placed in the results.

¢  The QA/QC data results were then compared with data quality indicators to gualitatively
determine the validity of the data in terms of vadability and sccuracy,

8.1 Process Data Evaluation

Plant operating data were examined to ensure that process operation was stable and
representative during the OH sampling periods. Excessive scatter or significant trends in relevant
process varables can indicate penods of unrepresentative unit operation. Data scatter is useful
for idenuifying periods of operational difficulty: data trends indicate periods when steady-stute
operation has not been achieved, 1t was the intent for the Hg SCEMs 1o be operated both during
steady-state conditions and duning any upset conditions that occurred. Plant data, to the extent

8-1
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available, were plotted for each of the iest sites. In general, it appears that all of the OH sampling
occurred either when the unit was at or near full-load conditions. When plunt operational upsets
oceurred durning OH sampling, sampling was suspended, and a new sample was taken afler the
plant was operating at more normal conditions. This occurred at Site S5 and is illustrated by the
greater quantity of OH results,

8.2 Sampling Quality Control Evaluation

Sampling precision can be estimated by comparing the results of various parameters of replicate
samples, notably, velocity, moisture content, and gas composition in the stack. Sampling
aceuracy 15 usually inferred from the calibration and proper operation of the equipment and from
historical validation of the methods. Field blanks are used to determine any biases that may be
causcd by contamination or operator errors. A field blank is defined as a complete impinger
train, including all glassware and solutions, which is taken out to the field during sampling and
exposed to ambient conditions. These sample trains are then taken apart and the solutions
recovered and analyzed in the same manner as those sample trains used for sampling activities. If
the field blank shows contamination above instrument background, steps are taken to eliminate
or reduce the contamination to below background levels. The results of the blanks can be seen in
Appendix B (Tables B-1, B-3, B-5). In almost all cases, the field blank results were less than
detection limits. For the few samples where a detectable level of Hg was measured, the
concentration was low enough to be insigmficant compared to the measured flue gas
concentration for that Hg species.

Sampling comparability depends on whether the samples are representative and on the use of
standird methods consistently applied. All methods used for the project were standard American
Society for Testing and Matenals or EPA sampling methods. Sampling completeness is
primanly a function of providing the requisite number of samples to the analytical laboratory. In
maost cases, this consisted of duplicate samples.

The isokinetic sampling rate is a measure of the operational performance of sampling for
particulate matter. The normal acceptance cntenion for isokinetic variation is 105, With over 90
OH samples taken during this project, five samples were outside the £10% range. Four samples
were collected at the stack and, based on the very low particulate loading and Hg concentrution,
appeared to have no sigmificant impact on the results. One sample, collected at the ESP outlet
location, had an isokinetic measurement of greater than 100%. Again, the He results from this
sample were not significantly affected because of the extremely low concentration of Hg and low
particulate loading. A lower-than-expected isokinetic sampling rate results in an overestimation
of the larger particles, resulting in an inflated dust-loading estimate. However. for these samples,
the dust loading and the Hg concentrations were very similar to the other samples taken. It is
believed that this deviation from the accepted isokinetic value had no significant impact on the
overall conclusions.

Ome known concemn with the OH method is a bias that occurs as a result of the close contact
between the flue gas and the fly ash collected on the sampling filter. This is particularly true at
high-dust sampling locations such as SCR inlet, outlet, and the inlet to the particulate control
device. The degree of bias 1s dependent on the reactivity of the ash collected on the filter and the
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flue gas temperature. This ash has the potential to adsorb or oxidize Hg. The only m:mud of
determinming the extent to which lhc bias occurs is to compare the inlet and outlet ESP Hg"
results. IF there is an increase in Hg concentration across the ESP, it indicates some oxidization
occurred across the sampling filter. To determine if there was adsorption of Hg on the sample,
resulting in a high particulate-bound Hg bias, the filter concentration is compared to the ESP
hopper ash samples. Although representative ash samples are extremely difficult 1o collect from
an ESF, it 15 possible to obtain an indication as to whether the filter is biasing the particulate-
bound Hg concentration. These comparisons were made, and the results from each facility are
detailed in the discussion in Sections 2-7.

8.3 Evaluation of Measurement Data Quality

An evaluation of the measurement data quality is based on QC data obained during sampling
and analysis. Generally, the type of QC information obtained pertains to measurement precision,
accuracy, and blank effects, determined by collecting various types of replicate, spiked. and
blank samples. The specific charactenstics evaluated depend on the type of QC checks
performed. For example, if problems with contamination occur, blank samples can be prepared at
different stages in the sumpling and analysis process to isolate the source of a blank effect.
Similarly, replicate samples may be generated at different stages to isolate and measure the
sources of vanability, Table 8-1 summanzes the QAMQC measures used and the charactenstic
information obtained for this project.

As shown in Table 8-1, different QC checks provide different types of information, particularly
pertaining to the sources of inaccuracy, imprecision, and blank effects. In general, measurement
precision and accuracy are typically estimated from QC indicators that cover as much of the total
sampling and snalytical process as feasible. Precision and accuracy estimates are based primarily
on the actual sample media documenting the precision and accuracy actually obtained, and the
objectives serve as benchmarks for comparison. The effects of not meeting the objectives need to
be considered in light of the intended use of the data. The results of the field and media spikes
that were done as part of this project are shown in Appendix B (Tables B-2, B-4 and B-6), As
can be scen in these tables, the spike recovery was excellent for field blanks completed.
Although blank filiers are routinely analyzed for Hg to ensure no Hg contamination on the
sample, no field filter spikes were completed for the project. However, in the laboratory, known
Hg calibration standards are routinely analyzed.

Other specific QC procedures that were used to measure Hg in the flue gas for this project are us
follows:

¢ Instrument Setup and Calibration. The instrument used in the field for Hg determination
wiis & Leeman Labs PS200 cold-vapor atomic absorption spectrometer. To measure Hg, the
mstrument was set up for absorption at 253.7 nm with a carrier gas of nitrogen and 10% w/v
stannous chloride in 10% */, HCI as the reductant. Each day, the drying tube and acetate trap
were replaced and the tubing checked. The rinse container was cleaned and filled with fresh
solution of 10% */, HCI. After the pump and lamp were twrmed on and warmed up for
45 minutes, the aperture was set to manufacturer specifications. A four-point calibration
curve was then completed using matrix-matched standards, The detector response for the
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Table 8-1
Elements of the QA/QC Plan
QcC Activity Characteristic Measured
Precision
Replicate Samples Collectad ovar Tme Total variabifity, including process or temporal, sampéing,
under the Same Conditions and analytical bul not bias,
Duplicate Field Samples Collected Sampling plus analytical variability at the actual sample
Simulansoisly concenirations.,
Duplicate Analyses of a Single Sampha Analytical variability at the actual sample concantrations.
Media-Spiked Duplicates Sampling plus analytical variability at an established
cancentraton.
Laboratory Control Sample Duplicates Analytical variability in the absence of sample matrix
effects,

Accuracy (inciuding precision and bias)
Media-Spiked Samplea Analyte recovery in the sample media, indicating possible

interferences and other effects. In a single sample, includes
both random error (imprecision) and systamatic arror (blas).

Laboratory Control Samplas Analyte recovary in the absence of actual sample malrix
offects. Usad as an indicator of analytical contral.

Blank Effects

Field Blank Total sampling plus analytical biank effect, including
sampling equipment and reagents, sample transpor and
slorage, and analytical reagents and equipmeant.

Reagent Blank Blank efiects from reagents usad.

54

given standard was then logged and compared to specifications 1o ensure the instrument had
been properly set up. A QC standard of a known analyte concentration was analyzed
immediately after the instrument was standardized to venfy the calibration. This QC standard
1s prepared from a different stock than the calibration standards. It was required that the
values obtained read within 5% of the true value before the instrument was used. After the
initial QC standardizations were completed, standards were run every five samples 1o check
the slope of the calibration curve. All samples were run in duplicate, and one in every ten
samples was spiked to verify analyte recovery. A QC chart is maintained at the EERC 1o
monitor the long-term precision of the instrument. The results of these calibrations are
available upon request of any EERC client.

Presampling Preparation. All data sheets, volumetric flasks, and Petri dishes used for
sample recovery were marked with preprinted labels. The liquid samples were recovered into
premarked volumetric flasks and logged, then analyvzed on-site. The outlet filter sumples
were placed in premarked Petn dishes and taken back to the EERC, where they were
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analyzed using mixed-acid digestion technigues. The labels contained identifying data,
mcluding date, time, run number, sample port location, and the name of the sampler.

*  Glassware and Plasticware Cleaning and Storage. All glass volumetric flasks and transfer
pipettes used in the preparation of analytical reagents and calibration standards were
designated Class A to meet federal specifications. Prior to being used for the sampling, all
glassware was washed with hot, soapy water, then rinsed with deionized water three times,
soaked in 10% */, nitric acid for a minimum of 4 hr, rinsed an additional three times with
deionized water, and dried. The glassware was then stored in closed containers until it was
used at the plant. All glassware cleaning solutions are periodically checked for He. In all
cases, the messured Hg concentration was below detection limits,

* Analytical Reagents. All acids to be used for the analysis of Hg were trace metal-grade or
analytical reagent-grade. The calibration standards used for instrument calibration and the
QC standards used for calibration verification were purchased commercially and certified to
be accurate within 0.5% and were traceable to National Institute of Standards and
Technology standard reference materials,

8.4 OH Method Error Analysis

The precision of Hg measurements is estimated to be in the order of + 109%—30%, depending
upon the total Hg concentration, its proximity to the method detection limit and, possibly, other
flue gas constituents. In addition, Mue gas sampling at internal streams such as the SCR inlet and
outlet and the ESP inlet are often single-point samples, may not be uniform (stratified), and thus
may not represent the true flue gas distnbution of the power plant. These uncertainties in the
total Hg measurements must be taken into sccount when data are interpreted. However, these
uncertainties are not expecied 1o have a significant effect on the overall conclusions of this study.

For example, if the “actual” Hg concentrations at the ESP inlet and the stack are 10 and

I Ibfrillion Btu, respectively, then the total Hg removal would be 90%. If the measurements at
both the inlet and outlet were assumed to have a = 20% error, then the inlet concentration could
be measured at either 8 or 12 Ib/trillion Btu and the outlet concentration at either 1.2 or

0.8 Ibftrillion Biu. The estimated Hg removal could range from as low as 85% to as high as 93%,

The calculated Hg removal is much more sensitive at sites where the Hg removal efficiencies are
very low. For example, if the “actual™ Hg concentrations at the ESP inlet and the stack were 10
and 9 Ib/trillion Btu, respectively, then the total Hg removal would be 10%, If the measurements
at hoth the inlet and outlet were assumed o have a = 20% error, then the inlet concentration could
be measured at cither 8 or 12 Ibvitrillion Btu and the outlet concentration at either 7.2 or

118 [b/mllion Bru. Thus the calculated Hg removal could range from as low as -48% 1o as high
as 405,
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A

SAMPLING METHODS AND PROCEDURES

This appendix provides the template for developing site-specific test plans and sampling
protocols,

Ontario Hydro Mercury Speciation Method (OH method)

This is a summary of the sampling and analytical procedures used to conduct the mercury (Hg)
speciation method entitled “Standard Test Method for Elemental, Oxidized, Particle-Bound, and
Total Mercury in Flue Gas Generated from Coal-Fired Stationary Sources (Ontario Hydro
Method).” The American Society for Testing und Materials D22 committee has accepted the
method, and the exact method details are provided on the U.S. Environmental Protection Agency
(EPA) Web page at hupz/fwww epa gov/itn/emc/prelim.html under Preliminary Method 3. All
other EPA methods are also found at the same emission measurement Web address.

The OH method follows standard EPA methods for isokinetic flue gas sampling (EPA
Methods 1-3 and EPA Method 5/17). Figure A-1 presents a schematic of the Hg speciation
sample train.

Connect to Connact 1o
Filter Haolder Vacuum Inlet
4
B T e
| N I 5
= =) L
{(100mL) (10OmL) (100mL)| (00mL) |(100mL) (100mL} {100 miL) Sikca
KCH HNO,H.O, H.S0,/KMAO, Gel
FERD KGrdiET COE
Figurs A-1

Schematic of the OH Mercury Speciation Train
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Sampling Merhods and Procedivee

Table A-1 presents a list of sample train components for the OH configuration.

Table A-1
Sample Train Components for the OH Method

Componant Details

MNozzle Glass, quariz, or Teflon-costed siainkess sieol

Filter Quartz, in glass or Tellon-coated stalnless stesl holder

Probe Glass or Teflon, heated 1o gas temperature

Conneclor Line If needed, Teflon line used to connect from probe to impingers, heated
to @8 minimum of 248°F (120°C).

Impingers 1 and 2 1 molL KCI solution; modified Smith Greenburg (SG) impinger

Impinger 3 1 mol/L KCI solution; standard SG impinger

Impinger 4 5% nitric acid 0% hydrogen peraxide; modified SG impingar

Impingers 5 and 6 4% potassium permanganate/10% sulfuric acid, modified SG impnger

Impinger ¥ 4% potassium permanganate/10% sufturic acid; standard SG impingar

Impinger B Silica gel, modified SG impinger

A sample is withdrawn from the flue gas stream isokinetically through the filtration system,
which is followed by a series of impingers in an ice bath. Particulate-bound Hg is collected on
the front half and filter; Hg™" is collected in impingers containing | N potassium chloride
solution; and elemental Hg is collected in one impinger containing a 5% nitric acid and 10%
peroxide solution and three impingers containing a solution of 10% sulfuric acid and 4%
potassium permanganate. An impinger containing silica gel collects any remaining moisture. The
filter media is quartz fiber filters. The filter holder is glass or Teflon-coated. An approximate
2-hr sampling time was used, with a target sample volume of 1-2.5 standard cubic meters,

Figure A-2 is o schematic of the sample recovery procedure for the impinger train, The samples
were recovered into precleaned glass bottles with vented Teflon-lined lids. The following sample
fractions were recovered (specific rinse solutions are contained in the method):

1. The sample filier

2. The front-half ninse (includes all surfaces upstream of the filter)

3. Impingers | through 3 (KCl impingers) and nnses

4. Impinger 4 (HNOWH:0; impinger) and rinses

5. Impingers 5-7 (H:504/KMnO; impingers) and rinses
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Sampling Methods and Procedures

—

Rinse filter holdar and connactar with 0.1N HNO,.
2 Add 5% %, KMnQy 1o each impinger battle until
purpde caolor remains.
3. Rinse with 10% °/, HNO,.
4, Rinse wilh a very small amount of 10% % . )
NH.OH-H,S0, if brown residue remains. Rinse Bottles Sparingly with

A - 0.1N HNG,
5. Final ringe with 10% %/, HNO,, - 10% ™, NH,OH H.80,

Rinse with 0.1N HNG, — 0.1N HNO,

I

HNO,H,0; | H,S0, /KMnO,

Rinse All U-Tubes with 0.1N HNO, T e o

Figure A-2
Sample Recovery Scheme for the OH Mercury Speciation Train

Impinger 8 (silica gel impinger [note that this sample 15 weighed for moisture determination
and not included in the Hg analysis])

The sample fractions were prepared and analyzed as specified in the method and summanzed
below:

Ash Sample (Containers 1 and 2} — The particulate catch was analyzed using EPA Method
7043 or equivalent (see Table 3) or using a Milestone DMA-80 Hg analyzer. However, if the
particulate catch was less than | gram (as was the case ot the outlet of the particulate control
device), the entire sumple of the particulate collected on the filter (including the filter) was
subsequently digested using EPA Method 3051, followed by anal ysis using EPA T471A,

KCI Impingers (Container 3} — The impingers were prepared using H-S0,, HNO;, and
KMn(y solutions as specified in the method.

HNOwHL0; (Container 4) = The impinger solutions were prepared using HC1 and KMnOy
solutions as specified in the method,

H:S0/KMnOy Impingers (Container 5) — The impinger solutions were prepared using
hydroxylamine hydrochloride as specified in the method.

Each prepared fraction was analyzed for total Hg by cold-vapor atomic absorption (CVAA).
CVAA is a method based on the absorption of radiation at 253.7 nm by Hg vapor. The Hg is
reduced to the elemental state and acrated from solution in a closed system. The Hg vapor passes
through a cell positioned in the light path of an atomic absorption (AA) spectrometer. Hg
concentration is proportional to the indicated absorbance, A soda-lime trap and a magnesium
perchlorate trap must be used to precondition the gas before it enters the absorption cell.
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Continuous Mercury Monitors

Four different Hg semicontinuous emission monitors (Hg SCEMs) were used for these tests: the
Semtech Hg 2010, PS Analytical (PSA) Sir Galahad, Tekran, and OhioLumex, These
instruments, when used in conjunction with the Energy & Environmental Rescarch Center
(EERC) or PSA conversion systems, with some caveats as explained in the report, were able to
measure speciated Hg. The instruments are briefly described below.

Atomic Fluorescence-Based Hg SCEMs

The PSA Sir Galahad and the Tekran are fluorescence-based instruments. The Sir Galahad
analyzer was initially used to monitor total Hg continuously in the urban environment and
natural gas. The Tekran analyzer was initially used to primarily monitor ambient Hg. As was the
cage for this project, both of these instruments can be used in a variety of gaseous media
including combustion flue gas. These analyzers are based on the principle of atomic flucrescence
{AF), which provides an inherently more sensitive signal than AA. The systems use a gold-
impregnated silica support for preconcentrating the Hg and separating it from potential
interferences that degrade sensitivity.

These mstruments require a four-siep process to obtain a flue gas Hg measurement. In the first
step, conditioned flue gas is pumped through a gold trap, which is maintaned at a constant
temperature. Before the Hg is desorbed from the gold trap, a flushing step is initiated to remove
uny fluc gas that may be present because it has a damping effect on the Hg fluorescence. When
this is completed, the analysis step begins. The heating coil is activated, and the gold trap is
heated to desorb the Hg from the trap. The Hg is carried into the fluorescence detector in an inert
gas stream of argon or nitrogen, depending on the Hg concentration. The gold trap is then cooled
in preparation for the next sample. The time for the entire process is about 5 min.

The systems are calibrated using Hg" as the primary standard, The Hg” is contained in a closed
vial, which is held in a thermostatic bath. The temperature of the Hg is monitored, and the
amount of Hg is measured using vapor pressure calculations. Typically, the calibration of these
units has proven to be stable over a 24-hr period.

Atomic Absorption-Based Hg SCEMs

Both the Semtech Hg analyzer (Semtech Metallurgy AB, Lund, Sweden) and the OhioLumex
nstruments are portable Zeeman-modulated CVAA spectroscopes that can monitor He"
continuously. These analyzers use Zeeman effect background correction by applying a
modulated magnetic field to a Hg lamp to minimize mterferences from the presence of S0,
maisture, hydrocarbons, and fine particulate in the Mue gas sample. The primary difference
between the Semtech and the OhioLumex instruments is the AA path length. The Semiech has a
path length of about 0.5 m compared to 9.7 m for the OhoLumex. The result is a much lower
detection limit for the OhioLumex. The operating range of the Semtech is listed as 0.3 w

160 mg/Nm’ Hg"; however, in practice, the lower limit ul’qunnnl':u'nnn is about 2 pg/Nm’. The
OhioLumex has the potential to measure as low as 0.1 ng/Nm’. It should be noted that the
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Semtech Hg 2010 has also been certified by TUEY Rheinland for determiming compliance with
the German legal limit of 50 pg."Nm" for total Hg from waste incinerators,

Flue Gas Pretreatment/Conversion

Whether the Hg SCEM uses CVAA or AF to measure Hg, some form of gas pretreatment is
necessary before accurate measurement of total Hg (or speciated Hg) is obtained. Figure A-3
illustrates the EERC pretreatment system used with Hg SCEMs. For the CVAA-type systems,
only Hg" can be directly analyzed. Therefore, all Hg forms in the flue gas must be converied to
Hg . For this purpose, SnCl; is used as a reductant. To use an Hg SCEM for Hg speciation
measurements, first only Hg" (bypassing the SnClz) is measured, followed by a measurement of
the total Hg by reducing the Hg™* to Hg" with SnCl; prior to analysis. The Hg™" concentration
wits calculated by difference.

Figure A-3
Schematic of the EERC Pretreatment/Conversion System for Use with Hg SCEMs

For the AF Hg SCEMSs, a pretreatment/conversion system is also needed, but for different
reasons. The first reason 1s to remove gaseous contaminants (HCI, SOy, etc.) from flue gas prior
to the gold trap, thus preventi ngﬂthl: trap from becoming poisoned permanently. The second
reason is that both Hg™ and He" collect on the trap: if the instrument is 1o be used to provide Hg
speciation data, then the Hg™ must be removed from the gas stream so that the Hg"
concentration can be measured. To do this, either a heated carbonate trap (the EERC system) or a

basic SnCls trap (PSA system) is used. For all the tests discussed in this report, the PSA system
wis wsed.
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Auxiliary Flue Gas Measurements

Auxiliury Mue gas measurements were performed using a portable Oy analyzer (as described
below) and H»O by EPA Method 4 (condensation/gravimetric analysis). These measurements
were collected as integral parts of all Hg speciation tests at all locations.

0; Determination

0 is measured by a portable O» analyzer using an electrochemical cell. The gas sample for the
portable analyzer is drawn through a tube inserted in the exit gas of the sample gas meter. This
provides direct analysis of the gas sampled for the Hg test, Care should be taken so that the O,
sample tube is not inserted so far that it interferes with the meter onifice pressure differential
reading. Calibration procedures for the portable analyzer include the following:

* At the beginning of each test condition, the instrument is calibrated on ambient air. As-found
readings are then taken using zero gas and a mid-scale O calibration gas (40%—60% of the
span to be used to collect readings). If these as-found readings are within 2% of span (0.2%
O if the 10% scale is used), the data are acceptable. If the readings are outside of these
ranges, the Oy cell should be replaced, the instrument should be repaired, or an alternate
instrument should be used.

* Dunng testing, the calibration of the instrument is checked daily on ambient air. The as-
found reading 15 taken, and the instrument is recalibrated on ambient air,

Al the end of the test condition, the calibration error step described above is repeated.

CQ; Determination

CO; 15 used for molecular weight determination. At the stack, CO; readings are taken from the
plant continuous emission monitor (CEM). If the CEM readings are on a wet basis, they are
convened 1o a dry basis using the moisture content measured by the Hg train. If the CEM is out
of service or does not provide COy measurements, the CO; content is caleuluted
stoichiometrically from a fuel analysis.

Chlorides, NH,, and S0,

To measure chloride concentrations in the flue gas, EPA Method 26A was used. This method
was designed 1o measure both the HCI/HF and Cl: concentrations in the Mue gas. However, when
S0; was present in the flue gas, it was found that the method only provides total chlorides [1].
The impinger train is operated similarly to other sampling procedures such as EPA Method 5,
Once the chlondes are collected in the solutions, they are analyzed using ion chromatography
techniques. For 50y measurements, the controlled condensation technique was used. For NH;
analyses, the flue gas is absorbed in 0.1 N HCI solution, and the NH; is measured using a
selective jon electrode,
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1. Sun, Q.; Crocker, C.R_; Lillemoen, C.M. The Effect of Coal Combustion Flue Gas
Components on Low-Level Chlorine Speciation Using EPA Method. In Proceedings of the

92nd Annual Mecting & Exhibition of Air & Waste Management Association; St. Louis, MO,
June 20-24, 1999,
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MERCURY MEASUREMENTS

B.1 Mercury Measurements Made at Site S2

Complete OH Data Set
Table B-1
OH Mercury Data for Site S2 with the SCR In Service
Hours into Test pg/Nm’
Date Start End Hag, Hg™ Hg" HGrom
SCA Inler
07702 58.0 282 0.01 7.6 4.8 124
arn aoe B5.6 B7.8 o 5.4 7.5 13.0
Qrn a0 106.9 108.9 0.03 6.5 4.2 0.7
AVBTago .04 6.5 55 12.0
SCR Outlst
orn 702 58 58.6 0.14 111 3.3 14 6
orMan:z B5.& B7 B 0.03 11.8 0.8 126
07802 106.7 108.7 0.02 9.5 0.5 10.1
Avarage 0.06 10.8 1.6 12.4
ESF Infet
0718/02 §0.1 91.6 0.00 12.2 05 127
a7 e 110.8 1123 .06 12.2 0.2 12,4
Average 0.03 122 0.3 12.6
ESP Dutlgd
orfan2 80.8 823 000 11.3 0.5 11.8
oFHan2 110.9 112.8 0,00 10,8 0.2 11.1
Avarage 0.00 1.1 0.3 11.5
Stack
arHanz g1.2 Q32 0.00 0.5 1.4 1.8
ori20002 1328 134.9 0.00 0.9 i2 2.1
Average 0.00 07 1.3 2.0
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Coal Mercury and Chioride Analyses
Table B-2
Coal Analysis Completed at Site 52
Date Chioride, ppm Mercury, ppm
TAS2002 Bre 010
Thazoo2 733 012
7r&/2002 T 0,15
TH&/2002 680 011
TA72002 T4 012
TH7/2002 77 0.14
718/2002 605 0.1
THMB/2002 605 011
THR2002 594 >
TRR02002 608 013
Thi2o02 635 naz
7/22/2002 638 012
7232002 639 0.12
232002 GHEE 013
Tr24/2002 704 0.1
22002 658 0.2
TI252002 601 0.10
T/25/2002 656 0.1
7/26/2002 B840 0.1
7272002 650 013
7i28/2002 802 0.10
7i28/2002 569 0.14
7i29/2002 840 012
7129/2002 837 012
7r30/2002 B46 0.14
Tr30/2002 B55 0.10
Ta2002 Gad 4
TR2002 636 015
0B/1/2002 710 015
Qa/22002 524 0.13
80372002 630 0.10
8/03/2002 570 017
2042002 648 0.10
B/04/2002 619 0.11
B/OS/2002 561 0.07
B/OE/2002 &R0 0.10
BAOE200:2 B17 0.10
BAOT/2002 600 0.13
BOE2002 531 0.16
B8/09/2002 B17 0.11
B/og/2002 621 on
ano/2002 654 0.14
BHO/2002 Bz22 0.14
anof2oaz 5B2 013
BDv2002 561 .13
Avarage B35 0.12
_Standard Daviation a4 0.02




Mercury Measuremania

B.2 Mercury Measurements Made at Site S4

Complete OH Dala Set
Table B-3
OH Mercury Data for Site 5S4 with the SCR In Service
Hours into Test pg/him’
Date Start End Hg, Hg™ Hg" Hgrea
SCA Inler
a11/02 638 658 0.04 5.6 a1 13.8
aM202 BE.9 BE.5 0.1 a.0 7.8 1048
3oz 107.7 108.0 0.00 az a9 121
Avarace 0.05 4.0 B3 123
SCR Outiet
af11/02 63.8 64.8 0.01 12.0 3.0 15,1
81202 gr.o 88.3 0.00 2.8 4.8 T4
81132 107.8 108.8 000 &4 5.2 11.5
Average 0.00 71 43 11.3
AH Outlt
a11/02 63.7 65.7 0.03 1.6 0.5 12.2
9122 828 B4.8 0.08 13.2 0.5 137
=Tk el ar.4 894 0.10 9.2 0.4 8.6
Avaraga 006 113 0.5 11.8
Stack
8/11/02 83.8 65.8 — 0.3 0.7 0.9
9/12/02 B2.9 B4.4 — 0.3 k:] 1.2
anzg2 B7e Bo.6 — 0.3 0.8 12
Averaga 0.3 0.8 1.1

* Mo pnalyzed (all values wil be <01 yg™Nm’
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Table B-4

OH Marcury Data for Site 54 with the SCR Bypassod

Hours into Test
Date Start End Ha, Hg™ Hg" Higrosi

AH Qutlet

116/02 898.0 800.0 014 8.3 59 144
1vi6/02 891.5 B93.5 0.05 8.0 B.5 14.8
10702 8230 825.0 0.05 a8 4.5 11.3
Avarage 0.08 7.7 5B 13.4
Stack

10/16/02 B94.3 800.0 - 0.4 B8 7.2
10168402 8a1.5 893.2 — 0.7 72 78
1017/02 823.0 9247 — 0.3 72 7.4
Avarane 0.5 T 75

* Mol analyrad (8l values will be <0.1 rg/Nm™,
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B.3 Mercury Measurements Made at Site S5

Mercury Meansremeni

Complete OH Data Set
Table B-5
OH Mercury Data for Site 55 for Unit with the SCR
Hours into Test pg/Nm’

Date Start End Hg, Hg™ Hg" Hgrotai
SCH Inlet
oaA T2 538.6 540.0 016 75 1] 13.3
081802 565.1 566.6 .08 6.0 B8 14.9
oB21m02 G341 BA5.6 0.04 4,7 9.1 13.8
Aviarage .09 6.1 7B 14.0
SCR Oullet
0B TR02 538.4 K309 0.07 1.7 0.6 124
081802 565.1 566.6 L0 10.7 a3 4.0
oa21/02 Bad.1 B35.6 002 10.3 2.4 127
fa2202 B65.1 GES.6 0.00 15.6 5.1 20.7
0a/23/02 £86.5 68A.0 0.02 10.5 2.3 12.8
Avarage 0.03 11.8 27 14.5
ESFP iniat
0821/02 638.8 G403 0.13 117 0.8 126
OB22/02 B6E5.3 BE6.8 0.00 18.4 1.0 18.4
0B/23/02 680.0 B20.5 0.09 20.2 0.5 20,8
Average 007 16.8 0B 17.7
ESP Dublat
07/2602 121 14.1 0.04 1.7 0.6 124
02Tz 38.3 40.3 0.25 B2 0.6 8.1
O7/2enz 57.3 59.3 001 7.7 08 BE
081502 493.9 4854 i0.03 14.2 0.8 14.8
ooz 543.0 4.5 0.01 10.7 0.6 11.3
0B 802 580.0 581.5 0.00 ey (]3] 8.3
0a21/02 B3r4 G38.9 .00 10.4 0.9 113
08/22/02 B85.3 B66.8 0.01 19.1 0.9 20.0
Average 0.05 11.3 {1 3 124
Stack
0|1 7/02 5438 5451 0.03 .4 0.8 1.2
Da21:02 637.5 639.0 0.0t 0.4 12 1.6
Average 0.02 0.4 1.0 1.4
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Table B-§
OH Mercury Data for Site S5 for Unit Without an SCR
Hours into Test pa/Nm’
Date Start End Hg, Hg™ Hg" Hgy

ESP Inlet
08102 4453 447.8 .01 10.7 1.4 124
08/14/02 472.2 473.7 0.10 11.7 2.8 14.7
08/16/02 515.8 517.3 0.03 10,1 a7 13.8
Average 0.05 10.8 26 13.5
ESP Outlet
072602 11.4 134 0.02 B.7 4.1 12.8
07/27/02 38.3 403 0.03 7.1 4.2 113
07/28/02 57.2 58,2 0.01 5.8 4.4 10.0
0B/13/02 446.3 4478 0.00 B.1 5.8 13.8
0aM 402 d7a.2 a7aT 0.00 0.4 5.1 14.5
DB/ B/02 515.8 517.3 0.00 7.1 6.0 13.1
0AZ302 GE2.8 GE4.3 0.01 - I a1 12,6
Average 0,01 79 47 12,8
Stack
08/13/02 4481 447.6 0.00 0.4 67 7.1
0B/14/02 473.3 474.4 0.01 0.7 5.9 6.5
08/15/02 494.0 495.5 0.00 0.4 5.6 &0
Average 0.00 05 8.1 66
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Table B-7

Coal Mercury and Chiloride Analyses

Date Chioride, ppm  Mercury, ppm
0722002 450 0.14
07282002 430 0.1
DBO1/2002 440 o4
08052002 500 012
081 32002 500 0.13
D&M 52002 480 015
D81 92002 480 0.13
08/21/2002 460 015
0B/23/2002 B0 011
Average 472 0.13
Standard Deviation 28 0.013

Merciry Measuremaents

B-7



Mercury Mensirements

B.4 Mercury Measurements Made at Site S6

Complete OH Data Set

Table B-8

OH Mercury Data for Site 56 for Unit 1 (SCR)

Hours into Test pg/Nm’

Date Start End Hg, Hg"* Hg" Herom
SCA Inies =
09/24/02 B81.9 BasS 0.03 41 30 7.2
09/25/02 106.0 107.2 0.05 6.7 4.0 10.7
08/26/02 129.1 130.6 - 5.5 348 8.2
09/26/02 1333 135.3 — 7.0 4.1 11.1
AVBTagE 0.0 6.8 a8 8.0

_SCA Cutlet

0a/24/02 B2.0 a3s 0.03 5.5 1.1 8.7
0a/25/02 106.0 107.2 0.04 1.7 1.6 9.4
0a/26/02 129.1 130.8 — 6.6 1.8 B.3
02602 133.3 135.3 0.0 B.5 1.6 10.2
Average .05 [ 1.5 86
ESF inlar
oar24/02" 85.8 B6.3 — 2.1 0.8 31
0a/24/02 874 g8.9 0.95 8.9 0.3 11.2
025002 1085 111.3 0,70 7 Q.7 a7
09/268/02 12681 130.8 0.75 B.3 0.4 9.4
Average 0.80 B.5 0.5 98
Stack -
08/22/02 40.0 420 — 6.0 0.2 6.2
0823/02 62.8 64.3 — B 0.4 5.3
09/24/02 858 B7.3 - 14.3 0.5 149
Qa/25/02 109.8 1M11.3 0.00 8.3 1.2 85
0e26/02 1291 130.6 - 75 1.5 9.0
1008102 424.8 4283 — 11.8 0.7 126
1071102 487.0 498.5 - 10.8 0.5 111
10202 518.0 520.0 — 8.2 0.2 a4
1013102 542.0 5435 0.01 9.0 0.2 9.3
1011402 584.0 566.0 — 8.0 06 a7
101702 636.5 638.5 — 10.8 02 10.8
10/18/02 661.7 663.7 — B.0 34 11.3
Average 0.00 8.3 0.8 10.1

* Mot analyzed (all valuses will ba <001 upSm )
" Bold values not included in averages as thers was & problem that coourmesd during sampling.
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Mercury Measuremerits

Table B-3
OH Mercury Data for Site S6 for Unit 2 (SCR bypassed)
Hours into Test pg/Nm’
Date Start End Hgs Hg™ Hg" HQ ot
ESP inlat
100802 4252 4265 a.74 &.0 0.5 10.2
ooz 518.0 518.5 1.44 71 0.3 B.8
10/18/02" B57.8 658.3 9.18 1.0 0.1 10.3
Average 2.50 5.6 0.4 8.5
Slack
ogv22/02" 9.8 41.8 - 6.6 0.0 6.6
0823102 63.3 4.8 — T4 0.2 7.4
082502 110.2 111.7 .00 r.9 0.6 B85
1VOR02 4248 426.8 — 72 1.4 B8
101 1/02 497.3 458.8 — 4.5 0.8 5.4
101202 518.0 520.0 - 6.5 i5 B.0
101302 542.0 543.5 Q.01 6.0 1.7 7T
1014002 564.0 5EE.D o= b5 1.5 7.0
101702 B35.6 5386 — 53 1.2 6.5
1018002 BE1.7 GE3.T — 6.8 0.8 1.7
Average 0.01 6.0 1.3 7.3
Standard Dav. 0,01 0.9 0.4 11

* Bold valises nol inclided in overapas as sample appeaTs 1o be & clear outlier,
" Dnta from 9722 though S/2802 was caliacted prioe b iha SCR being bypassed for fhis unil and ane not included in tha averages,
" Mot analyred (81 values will be <0.1 yghm®,
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Mercury Measuremeninn

Table B-10
OH Mercury Data for Site 56 for Unit 4 (no SCR)
Hours into Test prg/Nm’
Date Start End Hge Hg™ Hg® Hgrom

Stack
10/0B/02 424.7 426.2 - 58 2.1 7.9
1041102 4873 498.8 - 45 1.1 5.7
101202 518.0 520.0 0.00 4.4 1.2 5.6
10/ 3/02 542.0 543.5 0.02 3.5 1.8 5.4
10/14/02 564.0 568.0 - 2.0 2.0 4.0
10/ 7102 B36.5 B38.5 — 4.1 2.2 B.2
10M18/02 B61.7 B83.7 — 3.4 2.2 56
Avaraga ' 0. 4.0 1.8 5'.‘5

* Mot analyzed (al values will be <0.1 m/Nm®,

Table B-11

Coal Mercury and Chiloride Analyses for Site S6

Date Unit Collected Chloride, ppm  Mercury, ppm
Oe/24r2002 1{SCR) 1210 0.084
Oo242002 2 (SCR bypassed) 1520 0.052
0o/2a/2002 1 (SCR) am 0.072
0a/28/2002 2 (SCR bypassad) 635 0.055
10/08/2002 1 and 2" 1170 0.063
10/08/2002 4 (no SCA) 1320 0.066
101 22002 1 and 2° 962 0.0E9
10/ 82002 1 {SCRH) T4 0070
10/18/2002 4 {no SCH) 706 0,054
Avarage 1020 0.066
Standard Deviation 300 0.0054

* Compasite sample from Unis 1 and 2
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COMPLETE AUXILIARY FLUE GAS DATA FOR ALL

SITES
Tabla C-1
Auxiliary Flue Gas Dala for Site 52 with SCR in Service
Date Time into the Flue Gas  Dust Loading," CO;, % Oy %
Test, hr Moisture, %  gridsef
SCH inlet
Q71702 58.0 .97 0.1609" 14.8 a7
07802 856 B.67 J.2881 15.1 3.8
07119/02 1069 0.7a 22725 15,0 3.9
Average 877 2.7804 15.0 3.8
SCR Dullat
o7 7./02 58.0 11.00 3.2452 14,8 4.6
07/18/02 B5.6 10,79 0.8248" 148 4.8
oA e02 i06.7 10,71 J.4642 14.8 .4
Average 10.83 3.3547 148 4.8
ESP fnlet
07802 an.1 11.36 0.0385" 13.8 5.6
o702 110.8 11.15 1.8872 13.8 5.8
Average 11.25 1.8872 139 5T
ESP Outlat
orfan:2 0.8 11.40 0.0024 13.7 T
Q71 a2 110.9 10.54 0.0018 13.7 5.8
AVETage 1097 0.0021 137 58
Stack
oFenz 81.2 17.45 0.0008 133 6.4
0720002 13289 26.25 0.0025 13.1 6.5
Average 21.85 0.0018 13.2 6.5

" Dust lnadings were collcted as part of tha OH lesting using tha EPA Mathod 17 procedure and, thershars, are not 1or compliance

pLEpases,
" Dust loadings are lowar (han expecied, atiriued 1o ash koss Loon remaval of proba and sngle-paint sampling. and nat nduded

as parl of tha avarage,
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Complete Awxiifary Flwe CGan Dvra for Al Stres

Table C-2
Auxiliary Flue Gas Data for Site 54 with SCR in Service
Date Time into Flue Gas Dust Loading," CO,, % 0., %
Test, hr Moistura, % gridsct
SCRH Inlat
9/11/2002 63.8 8.5 13396 15.5 3.5
81272002 BE.O = 2.1084 143 48
84132002 107.7 1.3 2.3317 153 as
Average 101 1.59266 15.0 a8
SCRH Outiot
811/2002 638 8.6 2.7819 151 a7
9/12/2002 87.0 14.0 40879 14.5 4.4
8/13/2002 107.8 10.3 27819 15.1 a6
Average 10.9 vz 14.9 39
Air Prahaalar Ouliel
21172002 83.7 BE 1.2303 13.4 55
8/12/2002 82.8 a3 1.2135 13.0 6.0
8/12/2002 874 8.0 0.8638 11.2 ao
Average BE 1.1025 125 6.5
Stack
9/11/2002 ga.8 18.7 0.0000 11.8 74
8M12/2002 B2.9 17.3 0.0000 11.4 78
9/12/2002 B7.9 12.6 0.0000 11.3 B0
Average 15.2 0.0000 1.5 78

" Dumd loadings wem collecied as pan ol ine OH tealing w=ing the EPA Mathod 17 proceduns and, tharalore, are nof for compliance
purpcsas,



Compiate Ausilfary Flue Gaa Daia for ALl Sires

Table C-3
Auxiliary Flue Gas Data for Site 54 with SCR Bypassed
Date Time Into Flue Gas Dust Loading,” CO;, % Oy %
Tast, hr Moisture, % gridsc

Air Preheater Chutlet
101 e2002 Boa.0 10.2 1.229 11 &0
10 E2002 BO1.5 B.2 00,9940 11 8.0
10011 72002 823.0 8.3 1.4883 112 7.8
Avarage 89 1.2371 111 T8
Stack
1v162002 B98.3 15.4 0.0084 11.2 7B
1041 62002 BE1.5 12.3 0.0032 1.1 7.8
10¥1 72002 BE3.0 14.1 0.0D80 1.1 A
Average 138 0.0065 114 7.9
. mnpmmm“mnm the OH tesling wsing the EPA Method 17 procedura end, henelore. o nof for compliance
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Complete Ancillary Flie Gad Dra for Al Sites

Table C-4
Auxlliary Flue Gas Data for Site 55 for the Unit with an SCR
Date Time into Test, Moisture, % Dusl Loading," COg, % 0 %
hr __ gridsc!
SCR Inlet
081702 538.6 10.68 162456 147 4.7
081802 565.1 10.83 6.5134 139 58
oa/21/02 634.1 10.45 3.5652 14.2 4.7
Average 10.65 B.7747 14.3 50
SCR Outhat
081702 538.4 8.51 46314 14.3 5.1
081802 BB5.1 8.37 A.7380 131 B.5
08/21/02 6341 ai 3.0199 13.4 B.0
082202 665.1 9.48 2.3088 14.0 5.5
08/23/02 686.5 8.83 33436 14.0 5.5
Average 9.06 3.4083 138 5.7
ESP Inlat
08/21/02 638.8 B.67 21218 129 6.8
08/22/02 665.3 9.26 1.7475 13.2 6.4
0af2a02 583.0 B.73 1.1852 13.2 6.4
Average B.Bo 1.6848 13.1 6.5
ESP Outlat
07/26/02 12.1 8.30 0.0738 13.0 6.6
oFr2va2 a8.3 B.84 0.1573 132 B.4
a7/2an02 57.3 9.08 0.0869 132 B.4
081502 493.0 8.80 0.1726 13.3 B3
08/17/02 543.0 9.27 0.0284 12.2 7.4
08/13/02 590.0 6.79 0.0082 12.2 74
oa21./m2 6374 857 0.0521 127 7.0
oa2202 G653 8.95 00412 13.8 5.8
Average B73 00751 128 6.7
Stack
0aM 702 5436 13.688 0.0081 1.7 B0
08/21/02 B37.5 1226 0.0085 12.0 7.5
Avarage 13.07 Q.0073 11.8 7B

* Dust loadings wese collacted as part of tha OH tesling uaing iha EPA Methad 17 procedurs and, Berstors, are nat for complanca
PUIpCEESE.
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Complere Auxiliory Flue Gas Data for Al Sires

Table C-5
Auxiliary Flue Gas Data for Site S5 for the Unit Without an SCR
Date Time into Test, Moisture, % Dust Loading,” CO,, % 0; %
hr gridsct
ESP Iniet
08/13/02 a46.3 a3 02117 13.6 6.0
0gn4ng 472.2 8.1 1.8369 13.8 6.0
08/16/02 515.8 8.3 0.4373 133 6.3
Average a7y 0.8287 13.6 a1
ESP Dutiat
orf26/02 11.4 8.1 0.0711 128 6.8
orieTioz 38.3 8.1 0.1078 133 6.3
o7/28/02 572 8.9 0.0487 133 6.3
081302 4463 8.5 0.0091 130 6.6
081 4/02 472.2 B.1 0.0259 129 6.7
0aM&02 5158 8.8 0.0130 124 7.2
0a/23/02 BE2.8 10.7 0.0418 124 .2
Average 8.0 0.0453 129 B.7
Slack
08/13/02 4481 13.8 0.0034 12.8 6.8
08/14/02 4733 13.2 o011 127 7.0
08/15/02 433.8 13.6 0.0045 127 7.0
Average 13.5 0.0063 127 7.0

* Dust loadings ware coliactad as part of e OH festing using the EPA Method 17 procedure and, tharefare, are rat for comgliance

pUrpases.



Complene Auxiligry Flie Gay Data for ALl Sites

Table C-6
Auxiliary Flue Gas Data for Site S8 for Unit 1 (SCR)
Date Time into  Molsture, % Dust Loading," CO., % 0y, %
Test, hr gridsc{
SCR inlet
0g/24/02 27.4 8.04 3.4185 15.2 41
09/25/02 28.4 2.01 3.7122 13.4 B.1
09/2E/02 28.4 8.03 42123 152 42
09/26/02 20.8 8.08 3.5784 15.0 44
Average 8.01 3.7306 147 4.7
SCA Outiet
0924102 274 B.36 3.7555 151 4.3
0926/02 28.4 289 A.7580 152 4.1
08/26/02 28.4 Br4 5.1397 154 4.8
09/26/02 296 2594 4.0158 15.2 4.2
Average 873 41673 15.2 4.1
ESP Inist
0a24/02 27.8 10.51 04481 134 4.7
08/24/02 27.6 B.82 41538 134 4.7
0o25:02 28.6 B.05 21157 138 5.8
Qe2602 294 B.33 2.2089 14.4 2.0
Average B.83 27321 13.8 5.0
Slack
08/22/02 257 10.08 0.0111 135 6.0
0e23/02 26,6 b.62 0.007a 133 6.3
02402 278 8.68 0.0059 13.4 6.2
De/2502 286 g7 0.0213 13.0 6.6
af26/02 294 8.49 0.0074 135 6.0
100802 41.7 .64 0.0053 28 6.8
101102 44,7 1015 0.0044 128 6.8
102002 45.6 9.76 00210 13.2 6.4
101302 46.6 an 0.0335 129 6.7
10M14/02 47.5 B.6S 0.0291 128 6.8
10702 &50.5 B.AS 0.02az 12.5 7.1
101 B2 51.6 8.289 00221 14.2 6.4
Avarage 834 0.0165 13.1 8.5

* Dust loadings weare cobacted as part of the OH lesfing using tha EPA Mathod 17 procedure and, tharefone, & rat
of compliange pLrpoase.
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Complete Auxiliary Flwe Gas Deia for AN Sires

Table C-T
Auxiliary Flue Gas Dala for Site 56 for Unit 2 (SCR bypassed)

Time into Test, Dust Loading,"

Date hr Maoisture, % gridscl COy, % Oy, S
ESP Inlat
10/08/02 41.7 8.10 4.0591 15.4" as
10/12/02 45.6 9.34 3.2689 15.4 3.8
10/18/02 51.4 7.72 48572 15.4" 3.7
10/18/02 51.5 5.95 47284 15.4" 3.7
Avarags B.28 42278 15.4 37
Stack
o222 25.7 B.58 0.011a 132 6.4
0a/23/02 26.6 8.32 0.0118 12.8 6.8
oe2a02 £B.6 7.59 0.0080 134 6.2
100802 41.7 ¥.82 0.0068 134 6.1
1011402 44.7 B.42 Q.0082 133 6.3
1011202 45.6 820 00039 132 6.4
10/12/02 45.5 7.50 0.0254 131 B.5
10/14/02 475 7.05 0.0237 129 6.7
101702 50.5 6.97 0.0148 131 B.5
101802 61.6 ¥.18 D0.0345 132 .4
Averages 707 0.0150 13.2 B4
* Dusi loadings wees collectad an pan of tha OH testing using tha EPA Mathod 17 peocedune and, herelona, ane ol far

. COMPEAnce PUTEOSES.
Irrvalid dala: avweraps was uied.
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Complete Auviliary Flue Gas Dara for Al Sites

Table C-8

Auxiliary Flue Gas Data for Site 56 for Unit 4 (no SCR)

Date Time into Test, Moisture, %  Dust Loading,” COy % 0y %
hr gridscf

Stack
10/08/02 a7 7.82 0.0460 143 5.2
1041 1/02 44,7 B.93 0.0022 145 49
1012102 458 8,52 0.0265 148 45
1013802 46.6 7.85 0.0587 14.7 47
10414/02 47.5 7.28 0.0463 14,57 49"
101 7/02 50.5 .87 0.0521 14.7 4.7
10/18/02 51.6 B.99 0.0308 14.3 5.2
AVETAQE 777 0.0388 145 49

* Dust loadings wana collocied as part of the OH lesling using hs EFA Meiod 17 procedura and, themlore, are not for

compliance puposes

" inuniid dats’ everags was used,
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D

QUALITY ASSURANCE/QUALITY CONTROL

—

This appendix provides detailed quality assurance/quality control (QA/QC) procedures that were
uged for the sampling activities. The most important QA/QC parameter for any sampling activity
15 the people who perform the work. All who participated in the sampling activities for this
project had extensive traiming and experience in the proper procedures.

Ontario Hydro (OH) Method

To provide a high level of QA/QC for this project, all liquid samples {(from the OH mercury [Hg]
speciation train impingers as outlined in Appendix A), including those used as blanks and spikes,
were analyzed on-site by the Energy & Environmental Research Center (EERC). The primary
advaniage of on-site analysis 1s that Hg analyses can usually be obtained within 24 hr after the
sampling. So if there is a problem, it can be corrected when the sampling people are on-site. The
following are specific QC procedures for the OH sampling.

Instrument Setup and Calibration

A Leeman Labs PS200 cold-vapor atomic absorption instrument was used in the field for He
determination. The instrument was set up for absorption at 253.7 nm, with a carrier gas of
nitrogen and 10% 5nCl; in 10% HCI as the reductant. Each day, the drying tube and acetate trap
were replaced, and the tubing was checked. The rinse container was then cleaned and filled with
a fresh solution of 10% HCL. After the pump and lamp were turned on and warmed up for

45 mun, the aperture was set to the manufacturer specifications. A four-point calibration curve
was then completed using matrix-matched standards, The detector response for a given standard
was logged and compared to specifications to ensure the instrument had been properdy set up. A
QC standard of 2 known analyte concentration was analyzed immediately after the mstrument
was standardized in order to venify the calibration. This QC standard was prepared from a
different stock than the calibration standards. Requirements stated that the values obtained musi
read within 5% of the true value before the instrument was used. After the initial QC
standardization was completed, standards were run every ten samples to check the slope of the
calibration curve. One in every ten samples was run in tnplicate and spiked to verify analyle
recovery. A QC chart was also maintained by the EERC chemist to monitor the long-term
precision of the instrument.



Quality Assiranee’Cuality Control

Presampling Preparation

All data sheets, volumetric flasks, and petn dishes used for sample recovery were marked with
preprinted labels. The liquid samples were recovered into premarked volumetric flasks, logged,
and then analyzed on-site. The stack filter samples were placed in premarked petri dishes, then
taken back to the EERC, where they were analyzed using mixed-acid digestion techniques. The
prestack filter samples were placed in premarked containers, logged, and then analyzed on-site
using a Milestone DMA-B0 instrument. The labels contained identifying data, including date,
time, run number, and sample port location, which correlate back to the data sheets,

Glassware and Plasticware Cleaning and Storage

All glass volumetric flasks and transfer pipettes used in the preparation of analytical reagents and
calibration standards were designated as “Class A” to meet American Society for Testing and
Materials specifications. Prior 1o being used for the sampling, all glassware was washed with hot
soupy water, then nnsed with deionized water three times, then soaked in 10% "/, nitric acid for a
minimum of 4 hr, then rinsed an additional three times with deionized water, and dried. The
glassware was stored in closed containers until it was used at the plant.

Analytical Reagenis

All acids used for the analysis of Hg were trace metal-grade, Other chemicals used in the
preparation of analytical reagents were analytical reagent-grade. The calibration standards used
for instrument calibration and the QC standards used for calibration verification were purchased
commercially and certified to be accurate within +0.5% and traceable to National Institute of
Standards and Technology Standard Reference Muterials,

Blanks and Spikes

As part of the QA/QC, a field blank was associated with sampling at cach location. A field blank
15 a complete impinger train including all glassware and solutions that is taken out to the field
during sumpling and exposed to ambient conditions. These sample trains were then taken apari
and the solutions recovered and analyzed in the same manner as those sample trains used for
sampling activities. If the field blank showed contamination above instrument background levels,
steps were then taken to eliminate or reduce the contammation to below background levels.

As part of the QA/QC, a field spike was also associated with each test condition, A ficld spike
was prepared by the field manager al a level similar to the field samples. These sample trains
were then taken apart, and the solution was recovered and analyzed in the same manner as those
sample trains used for sampling activities. The target range for recovery of the ield spike was
+20%.

The resulis of the blanks and spikes associated with each of the test sites are shown in
Tables D-1-D-7. With very few exceptions, blanks were at or near detection limits and results of
the spiked samples were within the 20%: range required by the method.

D-2



Dualiry Amrance/ Qusaliny Conrol

Table D-1

Results of Mercury Specialion Field Blanks at Site 52

Date KCl Solution, pg H;0; Solution, pg KMnO, Solution, yg
TAT/2002 0.04 =(0.01 =0.01
TH8a2002 0.20 <0.01 0.a37
TH9/2002 0.04 <0.01 0.09
TrA02002 0.03 =0,01 0.05
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Craaliry Acieranceiualiy Controd

Table D-3
Results of Mercury Speciation Fleld Spikes al Site 54"
KClI KMnQ, Solution
Date Measured Spike, Spike Moasured Spika, Spike
Value, ppb ppb Recovery, %  Value, ppb ppb Recovery, %
81 1/2002 9.84 10 98.40 9.00 10 90.00
80122002 8.65 10 8a.50 9.53 10 85.30
81 3/2002 8.78 10 5760 9.48 10 94 60

" Bampling at 5ie 54 was done by Westem Kentucky Unhesaily,

Table D-4
Resulis of Mercury Speciation Field Blanks at Site 55

Date KCl Solution, pg =~ Hy0; Solution, g KMnO, Solution, pg

Tr2a2002 0.18 <001 0.05
TR2TI2002 0.05 0.01 0.08
Tr2a/2002 0.10 0.08 0.13
BA14/2002 0.04 <0.01 0.06
8M15/2002 0.05 <0.01 .12
Bna2002 0.06 <0.01 0.05
Br22/2002 =001 0.08 0.01
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ieelity Axvarance{eality Comdrod

Tabla D-6

Results of Mercury Speciation Field Blanks at Site 56

Date KCl Solution, ug H;0; Solution, g KMnO, Solution, pa
BfEAR2002 .02 =0.01 012
8242002 011 <0.01 0,16
9/26/2002 0.23 0.07 0.19
B/27/2002 0.04 =0.01 0.10
102002 0.05 <0.01 0.04
101 32002 0.0 0.0 <0.01
10 472002 <0.01 <0.01 =0.01
10M 2002 011 011 0.08
10/ B/2002 0.0 002 0.02
101 2002 <(.01 .04 «<0.01
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QA/QC Checks for Data Reduction and Validation

Data Reduction

Data reduction occurred in two phases. First, preliminary data reduction occurred on the job sile
Om-site data reduction may be performed by sampling and analytical personnel or by the team
leaders. Preliminary calculations include velocity, moisture, stack gas flow, sample gas volume,
percent-isokinetic sampling, and flue gas Hg concentrations. Calculations were performed using
spreadsheets on a portable computer: some averaging was done with a calculstor. Standardized
spreadshects were used.

The second phase of data reduction occurred after the team had left the job site. This included
review of the field data and input of laboratory results 1o complete the calculated Hg
concentrations for the coal and ash samples. In addition, the Hg specistion calculations that were
done in the field were rechecked and put into a predefined data sheet. Equations to be used in the
calculations were contained in the method.

Data Validation

All data, data entry, and calculations were double-checked by the onginator and reviewed by a
second person, Reviews included recaleulation of results, data entry checks, and calculation of
known and accepted data sets using the existing spreadsheet.

Sample Identification and Chain of Custody

Samples were identified with unique sample numbers and descriptive notations. Sample custody
was maintained by EERC personnel; samples were stored and taken back to the EERC, Once the
samples were received by the EERC laboratory, sample condition was checked and then logged

into the EERC logging system.

Data sheets were kept in the custody of the onginator or the program manager or in locked

storage until retumed to the office. The original data sheets were used for report preparation, and
any additions were initialed and dated.

Personnel Responsibilities and Test Schedule

Test Site Organization

Each project comprised 2 team of personnel able to provide the expertise needed for project
completion. The site-specific test plan (SSTP) that was provided to the company outlines the
designated management, sampling, and plant personnel required for each project. The key roles
of EERC project personnel for project completion are listed below:
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* Project manager

+« Field manager

* Pnncipal investigator
+ Project chemist

* Sample custodian

* Sampling technicians

¢ Mercury semicontinuous emission monitor (Hg SCEM) technicians
Test Preparations

Construction of Special Sampling Equipment and Modifications to the Facility

The correct length of sample probes was made prior to going into the field. No modifications
were needed.

General Services Provided by the Facility

The facility provided safe access to suitable sample ponts; process data; 110-V, 20-amp power al
the sample locations; a suitable location to park test trailers; and power for the test trailers. In
addition, the plant provided restrooms and a clean area for breaks or lunch. The facility was
expected 1o provide the necessury safety training for the sampling team once they were on-site,

Access to Sampling Sites
Site visits were conducted to determine, among other things, that all sample ports were readily

accessible. In addition, measurements were taken so that modifications to probes could be made
prior to going into the field.

Sample Recovery Areas

The EERC provided test tralers to set up and tear down sample trains and do the analysis. The
trutlers were situated in an area as free as possible from ambient dust contamination.

Test Personnel Responsibilities and Detailed Schedule

Table D-8 lists the key project personnel for this project. Table D-9 lists the various personnel
roles and their specific responsibilities. Table D-10 presents a typical test schedule for a 4-week
project. A tentative project schedule with dates and activities was provided in the SS5TP provided
to the company prior to sampling,
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Table D-8
Key Project Personngl
Organization  Individual Responsibility Phone Mumber E-Mail Address
EFRI Faul Chu EPRI Project Manager (650) B55-2812 pohud epri.com
DOE Lynn Brickett DOE Performance Monitor (412) 386-6574 lynn.brickett @&
nell.doe.gov
EPA CW, Lea Project Consultant (818) 541-7663 lee.chun-wai@
epamail epa.gav
EERC Dennis Laudal Project Manager (701) 777-5138 dlaudal 8 undeerc.ong
EERC Jeft Thompson Principal Investigator (701) 777-5245 |thompson @ undeerc.org
WL Wel-Ping Pan  Project Manager (270) TBD-2532 wei-ping.pan & wku,adu
WEL Kurhai Liu Principal Investigator (Z70}-745-3251  kunleiliu @ wki.edu
QAQC David Brokke QA/QC Manager (701) 777-5154 dbrekke @ undeerc.org
EERC Joll Thompson QAQC Oversight for WKL (701} 777-5245 jthompson & undeerc.ong
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Table D-9
Test Personnel and Responsibilities
Staff Assignment Responsibilities
Projact Manager EFRI, EFA, DOE, and the EERC developed and approved the overall test

Principal Invastigator

Field Manages

Team Leader

Sampling Technician

Project Chemis!

Sample Custodian

Plant Enginesar

program, coordinated all test activities, developed the QA/QC test plan,
ensured the project was being completed within budgetary guidalines, provided
data interpretation and complated all reporting requirements, maintained
communication between all test parlicipants, and asssted with olher activities
85 required,

Worked with the project manager 1o coordinale all tes! activities, was
responsible for maintaining communications between the plant represantative
and the sampling team, providad input ino program dacisions made by the
funding agencies and the project manager, worked with the field manager to
ensure that the objectives for each test program wese complated, collected
plant data, completed data reduction and provided mput into all reports, and
assisted in other activities as required.

Coordinated or helped perform all sampling activities; coordinated sampling
activities baing conductad by the EERC with those being conducied by plant
parsonnel; maintainad sample custody records; enasured thal sampling was
completed so that the objectives of the project wera mat, including all QA/QC
requirements; ensurad that all safety requirements were met by the sampling
team; provided input into project repors; and assisted other activities as
reguirad,

Prapared and operated the OH train and Hg SCEMs, recorded and reduced
data, and assisted in sampie recovery and ofther activities as required.

Assisted in preparation and operation of the sample trains and assisted in
sampla recovery and other activitios as reguired,

Performed all analytical activities at the on-sile laboratory, maintained sampla
custody records, and shipped samples to off-site laboratory when necessary,

Maintained sample custody records, transferred samples to on-site laboratory,
and assisted in sample recovery and othar activilies as required.

Worked with the field manager and principal investigator to facilitate data and
information transfer regarding plant operations.
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Typlcal Test Schadule for a 3-Week Project

Day

Activity

1-2

510

"
4-26

21-26

27-28

Traval to sile,

Contact site reprasentative, establish communications, and review unit operation:
coordinate crew safety meating, and prepare and site sampling trailers.

Set up sample recovery and analysis area, mix fresh reagents as necessary, load
sample trains for sampling, set up field blanks, and collect reagent blanks and do
reagent blank analysas.

58t up Hg SCEMS and pratreatment/conversion systams al the proper locations,

Prepare locations lor sampling (i.e., building rails) and conduct preliminary
measuraments.

Laak-check sampla trains.

Conduct sampling activities for the first test conditions (indwvidual responsibilities
outlingd in Table D-3), ensure all blanks and spiked samples meet QA/QC criteria,
and ensure all Hg SCEMs are operating properly and giving good data.

Pack equipment, package samples for transport 1o the EERC, and leave site.

1 operator remains 1o operate Hg SCEMs for the duration of test period.

Perorm second round of OH analysis.

Set up sample recovery and analysis area, mix fresh reagents as necessary, load
sampda trains for sampling, set up field blanks, and collect reagent blanks and do
reagent blank analyses.

St up Hg SCEMs and pretreatment'conversion systems al the proper locations.

Prepare locations for sampling {i.e., building rails) and conduct praliminary
measurements.

Leak-check sampla trains.

Conduct sampling activities for the second test conditions (individual responsibilities
outlined in Tabla D-9), ansure all blanks and spiked samples mest QA/QC criterla,
and ensure all Hg SCEMs are operating properly and giving good data.

Pack equipment, package all samples for transport 1o the EEAC, and leave site.

Prior to sampling, 2 days were scheduled for equipment setup. Setup activities included setting
up the equipment at the test locations, verifying power at the test locations, and conducting a
preliminary velocity traverse (assuming the boiler is operating at or near the target test load),
Final coordination with station personnel was done, and safety briefings were held.
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Test team personnel ammived at the plant a minimum of 1.5 hr before the start ime of the first test
run on cach of the days scheduled for sampling. Pretest activities included final equipment setup
und leak check and venfication of target unit operation and commumication links between team

members, leam leaders, and plant personnel.
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SAMPLE CALCULATIONS

Sample calculations are included for each of the calculated parameters. Data were used from the
selective catalytic reduction (SCR) unit inlet location dunng Day 3 (09/24/2002) from Site S6.

Volume of Gas Sample

Vm(sid) = Volume of gas sample measured by the dry gas meter, comrecied (o
standard conditions, dscf
Vm(std) (dsef) = K xVmcxFm
Tm + 460
.
Vm(std) _ 17.64 30 485 | = 30.02 = 77,044 dscf
117.7 +460
Where:
K = 17.64°R/fin. Hg
Vmc = Vm x Cm = Volume of gas sample as measured by dry gas meter
commecied for meter calibration (Cm = meter calibration coefficient)
{def)
Pm = Meter pressure (in. Hg)
Tm = Meter temperature (°F)
Volume of Water Vapor
Vwi(std) = Volume of water vapor in the gus sample, corrected to standard
conditions, scf
Vw(std) (sch) = K;xH:Og)
Vwistd) = 004715 % 58.9=2777 scf
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Sample Caleulations

Wherne:
K

HaO(g)

0.04715 fi'lg

Mass of hiquid collected in impingers and silica gel (g)

Water Vapor in the Gas Stream

Bws = Water vapor in the gas stream, proportion by volume
i r Vow(std )

Vm(std )+ Vw(std)

2

Bws AR = (.0904

27944 4+ 2.777
Dry Molecular Weight
Md = Dry molecular weight of stack gas, Ihlb-male
Md (Ibflb-mole) = 0440 x (%CO;) + 0.320 x (%0:) + 0.280 x (RN; + RCO)
Md = 0440 x 152 + 0320 x 4,1 + 0.280 = 80.7 = 30.6 [h/Th-mole
Where:

BT, s, N7, COY

Percent (COy, Oy, Ny, CO) by volume, dry basis

Molecular Weight
Mz = Molecular weight of stack gas, wet basis, Ib/lb-mole
Mz (Ihflb-mole) = Mdx(l - Bws)+ 150 x Bws
Ms = 30.6x (1 - 0.0904)+ 18.0 » 0.0904 = 29.5 |h/Ib-mole
Average Stack Gas Velocity
Vs = Average stack gas velocity, fifsec
2

Vs (ft/sec) = K, J-.'Cph:{.ﬁ.p}yi I:avg}lx{ S

' PaxMs
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044460 "
v = B549x0.84x]. 488 x| ——————— | =874/
’ 1[19.3?:{19.4&} g
Where:
h
xin.Hg
Ks = §5.49ft/sccx| [p=mole
“Rxin.H,0
Cp = Pitot tube coefficient (dimensionless)
Ap = Velocity head of stack gas (in. Hg)
{ﬂ.p]l;"; (avg) = Average of the square root of Ap values
Ts = Stack gas temperature (°F)
Ps = Siack pressure (in. Hg)
Isokinetic Sampling Rate
I = Percent of isokinetic sampling, %
(%) K, % Ts+460)% Vm(std )= 144
PsxVsx Anx0x(] - Bws)
0.09450 (704 + 460 ) 27 944 144
I = 100.5%
29.37x87.4x0.01986x95x(1 - 0,0904)
Where:
0.09450%(in. Hg Y min
Ky
"R xsec
An = Cross-sectional area of nozzle (in.”)
B

Total sampling time (min)



Sample Calculations

Volume of Gas Sample Corrected to 3% O,

VYm*(std)

Ym*{std)

Vm*{zd)

Where:

Ks
Mercury

Hg (pg/Nm”)

Hg

Particulate Hg
Oxidized Hg

Elemental Hg

Fa

Fy

F, (dscff10° Buu)

Fq4

E+4

il

i

Volume of gas sample measured by the dry gas meter ( Vmi{std)),
* corrected to 3% oxygen, Nm’

u,xvnﬁndjx%ﬂ

21-4.1

0.02832x27.944 = =0.743Nm’

0.02832 m' /i

__ME
Vin*(sid)

b

299

T 304 pg/Nm' (note: using the Hg" from Day 3 SCR inlet)

Sum of mercury from filter and nozzle rinse
Sum of mercury from KCl impingers

Sum of mercury from H;O; and KMnO, impingers (note: all H,0-
impinger values were nondetects). Since typically less than 5% of the
elemental mercury (Hg") is trapped in the H;O: impinger, the less-than
values were not added to the total Hg". Thus the Hg" was calculated
from the values obtained from the KMnO, impingers only.

Value relating gas volume to the heat content of the fuel

Ky x % H)+ (K, x%C)+ (K, x %8 )+ (K, x%N) - (K, x %0, )|
HY

o |

10 % [(3.64 % 5.23) + (153 70.74 )+ (0.57 x0.86 ) + (0. 14x1.52) - [0.46 %946 )|
11,936

10,357 dscfiBiu



Kz

Ky

Ko

HV

% (H,C,5,N,0)

]

H

Smple Colvwlarions

dsef
HEHxIb

1 dscf
T RCxib

dsel
0.57
HS5xlb

dscf
0.14
R[]

dsci
%0, %|b

.46

Heating value of coal (BiwTh)

Percent (H, C, 5. N, O) in coal (as-received from ultimate analyses)
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